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1.  INTRODUCTION 


III  uompUnnoo  wllh  Buullnn  I  Purapuph  IX  of  the  l'hueu  III  Iteqnuet  for  iH'nposul 
this  dnuumuiU  Is  Ihu  loolmUuil  portion  of  the  Ali'f/nmo/Enjjlnti  Agreement.  Tim 
donunionl  In  purl  W  of  Ihu  Alrframe/lUiglne  Agreement  ROAlOliiiM  uml  tlm 
upprovul  HlpaiuroB  on  purl  A  uopiiL'aloly  bound  are  nlnu  equally  iipplluiililu  in 
this  purl, 

1,1  Hdoj'N 

Tide  agreement  establishes  ihu  performance,  design,  fabrication  nnd  testing 
requirements  for  ii  turbojet  aniline  for  Iho  Hoeing  Model  U*a7o7  (ON)  nupoi’» 
nonlo  nlrnlnno  within  the  uonslrnlntB  established  by  the  HHT  —  Hysluni  lie- 
siiona  Utility  Agreement. 

x.a  I'uiU'oHE 

Thu  purpose  of  tide  toohnloal  agreement  l§  to  define  the  Deepens lbllUlea  of 
on  eh  party  to  the  agreement  for  the  physical,  functional  and  program  require- 
monte  of  the  engine/ulrfrimie  system, 


□0  A 1 01  9()m  t 


1 

I*  HbAHlO 


2,  AI'1'l.ltJADIiK  DUUUMKNTH 


a,  1  nnVMNMKNT 

The  following  dueuniMnln,  uf  Mm  iHfiue  date  rttiowu,  farm  a  imrt  of  llifa  uitruomoul 
lu  Ur1  extent  Hiuudflod  -herein, 

1,  t  AND  mono  —  Air  Foree-Navy  Aemnnulleiil  DeHlp  Hlnndurd  "IIohmom, 
Htandurd  Dlmeiifiluita  fui'  iliudiut  Heal  Htrnlglit*  Thread"  dated  Jh  July  lOflti. 

a,  l, a  jVIH.  K  tumitii'/n  •  ftUIUii,yif|i<ralfleuUim  "I'-niilno,  tliiH  Turbine, 

P  mm  nit  Ion  fur  Nlornite  utui  Hhlpmenl  of,  Prueeim  fur"  dried  Mu  roll  00,  llillfl, 

3,1,0  MU.  li  MUYU  ---- Mllltiiry  H|itudnefiU(in  "demv  TIil'OUtlH,  HtfiiuliU'd  Aero* 
luiuilenl"  duled  duly  1R,  11151, 

l-h  i,  »l  PAH  Hit  Pederui  Avmlitm  HpmilntloiiH  "Alrwurthlneua  Htundnrd, 

Aircraft  l«nnlnea"  duleil  Pebruiirv  J,  ilioft, 

a,  1,  R  PAR  i  Federal  Avliitluu  KeplnUuim  "RefliiRlona  nnd  AlihrovtaUunH" 
tinted  May  Ifa  MiHM* 

'i,  |, if  lirHtuli  Divi!  AiHvurtiiiHt'MH  )tei|Uli'omentB  -  Heutlun  U,  dated 

i^iVi'liilnu  nulls 

4,  i.y  Airs  h'M  HjieuifliutUun  ituileUn  nail  -  "ttunlumlnufUn,  dnlifn  All** 
MiiHinttifti  Arbitrable  ifauuenlrattuu  uf"  duled  February  II,  tliill, 

U,  1,  a  PAR  41  Fy  i  u’lt I  Avliitluu  Replnllong  "UerUfleullun  PrueutdiU'efl, 
PrnduelH  mul  1'iirtu"  dull'd  February  i,  Lliilli, 

a,  t,  it  PAH  in  Federal  Avliltlun  Hopiulfanu  AlrivurlhlueHH  HlundurdMi 
"TrpfliairHhitepyy  Alrttlanea  and  Tentative  Alrwurlhluep  ^naderthi  for 
Uuiiiiiiiiiilr  TrimuportHi " 

H,  1,1ft  TT  H  7irn  Federal  Hf. udfleiilfan Pluudaid Teal  Fluldxt  ilydruuurbun, 

a.  till  Mil.  K  non?  A  "Mllltury  diietdfleiiliiiii  Pnidiu'u,  Atrernfl,  Turbujolj 
Unite  raj  BjieelfRutlfan  far"  diiliul  at  duly  I'JIUi 

a,  a  NUNcmvi'iUNMi'iNT 

Thu  fallowing  doenmenlH  uf  the  lumie  dultnahuwn,  form  u  jtiui  uf  this  agree* 
muni  lu  the  extent  apulfh  .1  herein,  Uno  oojiy  uf  enuli  dueument  Hated  below 
niidimii'liud  with  an  imlerlnh  la  lu  lie  farnlahod  lu  Uenernl  Mleatrle  with  eiwh 
MBjiy  uf  111  la  agreement, 

h,  a,  1  AtitUfl  -  HAJc  Aereaimue  Htandurd  "Drive  Aeeeaaury,  0,0 til)  1‘llul 
Diameter,  IJ,  A,  IK "  lpuen  ta/tft/dil, 
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?  a.  9  AH080  *  HAK  AoLMmpaoe  HtandlU'd  MD  i'l  vo  *  A  oo  uh  a  u  i*,v  (  0.  500  l'ilut 
Diameter,  ty.  a.  l). " Issued  la/UMiil, 

8,  3,  II  AHR38  —  MAM  Aerospace  Nlandard " I'Miiiik^-Aouuhsii i*y,  il,  ouo  Pilot 
Diameter,  Qi  a,  i), "  issued  la/in/ou. 

a,  8,  4  DBOTlWil  flenoral  Kleetrie  Turbine  Pool  Hpeollleatlon  (wldoh 
Includes  Type  Jot  A  and  Typo  del  \-l),  dated  80  July  ,  11)00, 

a,  3,(5  DftOTKO«Hl  Dinas  A  I.ubi'Umt in^  oil,  a  August,  looo, 

3,3,0  MAMhYO,  "Jet  Noise  Prediction, "  dated  to  July,  llioft, 

0,  a,  7  Deleted 

a, a,  a  HAM  Document  AllP  non  "Definitions  and  Procedures  foe  Domputlng  tho 
Perceived  No  loo  l.evel  of  Aircraft  Noise,  " 

8,  a,  I)  HAM  Dooument  A  UP  not!  "Htandni'd  Values  of  Aimusnherlo  Ahsurpllon 
as  a  Function  of  Temperature  and  Humidity  foe  use  In  Kvuluntlng  Aircraft 
Vly-ovoi1  Noise, " 

2,  a,  to  Hoeing  Drawing  Mlioo,  Aocossory  Power  Delve  Mystom  Mnuliu* 

Driven  Homoloi 

3,  a,  1 1  Mug  Mlandard  HAD  P88AU  "Planp,  Coupling"  Hpoolfleatlon  CJonli'ol 
Drawing, 

a, 3, 13  llueing  Dooument  DiiAlOlO!)-l  (DM)  Knglno/A I rf i*nmo  Agreement, 

3,3,111  Doolug  Dooument  DfiAlOllM  (DM)  Propulsion  Hubsystems  Mpeelfleatlon, 

3,3,14  C1N4/JBP  Jlnglno  Model  Hpoolfkuillon  IS  2050,  dated  0  Heplembor,  10(1(1, 

8,8,10  (IMJ/JOP  Unglno  Installation  Hoqulromonls  Upooil'leallon  MOOTFIOIIII, 
dated  0  Hcptembur,  UKiil, 

9,  a,  10  (JD4/JSP  Mnginu  Installation  Drawing,  4010010*4?  1, 

a,  a.  17  Jloelng  Dooument  DilAUHKPM  "Coocdlnalod  Inlol/l'lnglne  Test  Plan, " 
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!li  Dl'HJlQN  HKCJU1HKMMNTH 
il,  t  ClBNl'HlAI,  ltNUUIKMKNTM  Full  DfeMKIN 
il,  1,  l  Bnglno  Hpoelfloallun  rtoriulrumonls 
il,  l,  l,  I  Bnglno  Model  Hpoulfbatlon 

An  engine  model  specification,  defining  engine  performance  and  design  In 
t-omnliimi'o  with  the  rofiul  remolds  of  lids  Bnglne/Alrframe  TuUinknl Agreement 
olio  11  he  prepared  h.v  (Umeral  Blouirlo  (OB)  fur  use  In  airplane  porformanea 
doiorm Inallon.  Thu  Boeing  approved  Knglne  Model  HpeolflenUon,  lief.  Pius 
8, a,  Id,  shall  bo  n  portion  uf  thin  Bnglne/Alrframe  Teuhnlonl  Agreement  lo  Dio 
OXlOIlt  specified  herein, 

il.  1. 1 1  si  Bngluo  Installation  Drawing 

An  engine  Installation  drawing,  lief.  Pin1.  3,2.10,  defining  the  Installation 
envelope,  overall  dimensions,  support  delniis,  unglue  ucmtrol  locations  and 
motion,  auuessorv  locations,  drains  Installation,  details,  Instrumentation 
provisions,  mid  nil  oilier  coordinated  unglno*uirframe  Installation  requirements, 
shall  bo  propnrod  by  OB  mill  shall  bo  »  poi'llon  uf  this  Bnglne/Alrframe  Technical 
Agreement  to  the  extent  specified  herein, 

il,  i,  i,2,j  Hupporllng Bala 

Cieneral  Bleotrle  shall  furnish  a  lint  of  essential  engine  noeassorles  and  engine 
capabilities  and  provisions  for  Installation  of  alrurnft  accessories  In  nouoi'dfdiue 
with  the  procedures  outlined  In  Hof,  2,2,19. 

Cieneral  T'Houti’lo  shall  furnish  system  diagrams  of  the  Oluuleloul,  fuel,  lubrloa* 
Lion,  mid  oilier  systems  snob  as  thrust  rovorsor  aoumllon  and  souondary  air 
system, 

il,  L,  l,  n  Oai’il  Dook  Programs 

A  oai'd  dook  program  shall  be  provided  onpnble  of  running  on  a  highspeed 
oomputor,  This  program  will  define  ooilimitod  engine  performance  ounslslent 
with  the  guarantood  engine  performnnue,  and  will  bo  used  to  unbuilds  guaranteed 
airplane  performance  data,  idle  thrust  may  be  average,  Tito  program  will  be 
based  on  n  cycle  match  onloulntlon  ratlmr  llum  a  program  which  uims  n  mulllplklly 
of  tables  to  generate  performance  dala,  The  program  shall  be  capable  of 
generating  data  at  any  power  setting  from  Idle  to  takeoff  at  any  altitude,  Much 
number,  or  ambient  temperature  within  the  engine  operating  envelope,  The 
program  shall  be  capable  of  making  corrections  for  horsepower  extraction, 

Inlet  recovery,  nlrbleed,  and  exhaust  system  Tosses, 

I'he  program  will  ho  used  as  subroutine  to  the  Booing  Installed  performance 
program,  Helf-eonUilned  input  or  output  Is  not  requlrod  or  desired,  Tlio 
program  shall  not  use  more  than  811,006  decimal  core  locations  Including 
common  uoro  locutions  but  excluding  system  subroutines  unless  source  docks 
are  provided, 


UdAim^i 


Tho  Kill'd  dock  program  will  Ijk  used  as  ilio  prlmo  data  source  and  shall  be  a 
portion  »f  this  douumonl,  Porformimoo  curves,  if  provided,  shall  bo  In 
agreement  with  tbo  card- iloult  program  and  ninlnUtinod  up-Malo, 

lb  f,  1,4  Awdyllual  Model  fui'  Hngine-Inlol  Dynamic  Hludlus 
Ueoerni  teluoiric  lihnii  submll  an  analytical  representation  of  tho  engine  and  Its 
control  ayalcma  nullable  for  use  In  InloUonglnu  dynamic  simulation  studies  d( 
Mooing,  Tito  Blmulnlion  shall  Ijo  valid  over  the  operating  performance  envelope 
of  the  engine  ns  specified  In  Pig,  :i.  Tho  uffool  of  Inlet  dlstortlon-on  compressor 
operation  niuhslnil  margin  shall  bo  Inoludod  in  tho  simulation, 

Tho  Blmulnlion  shall  allow  duloi'ininnthm  of  tho  effects  of  normal  engine 
transients  en  inlot  and  inlet  control  operation,  Those  IrnnsiuiUs  Inoludoi 

a.  Tlu-nuto  movements  including  "full  burst1'  and  "chop" 

b,  Augmontor  "llghioff"  and  "shutdown" 

ci  Inflight  ongino  "shutdown"  and  "restart, "  Including  windmill  bvaho 
oporollon  for  flight  conditions  abuvo  Maoh  X,  n. 

Alsu,  the  ongino  simulation  shall  bo  used  to  dslurmlnc  the  transient  offouts 
of  abnormal  ongino  operation  on  Inlet  and  control  operation,  These  transients 
Inuludoi 


d.  Uompressor  stall  and  recovery 
o,  Main  burner  blowout 

f,  Augmontor  blowout 

g,  Anllolpalod  ongino  failure  uondltlons  (l,e,t  noHMlo  fnlluvo) 

11,1,  a  Porfortnanoo 

Tho  osUmnlod  ongino  performance  shall  bo  defined  in  tho  engine  performanoo 
data  dooh  per  reforonou  Par.  8,8,14,  This  performance  slinll  bo  oonsistont 
with  the  guaranteed  performanoo  points  shown  in  Table  I,  All  production 
engines  shall  bo  capable  of  demonstrating  tho  guaranteed  engine  performanoo, 
Engine  performanoo  includes  (ho  installed  nestle  performance  (CJfgoq,  inst) 
as  defined  In  Par,  8, 8, 7,1,  The  values  shown  are  based  on  an  isolated  imoollo 
in  freestroain  with  uniform  pressure  distribution,  with  a  diameter  at  the 
noHido  ejector  doors  of  tU)  limbos,  converging  to  ft  maximum  nor, Mo  uxil 
diameter  of  74,  a  lnehos,  and  Include  the  Incremental  drag  due  to  oxlonuU  flow 
through  the  oJooU/r  doors  and  tho  boatlnll  drag  on  the  trailing  edge  flaps.  Tho 
drag  due  to  tho  conical  afterbody  shape  extended  to  the  maximum  noKMlo 
exit  dlamolor  of  74,  S  Inolies  Is  Inoludod  In  airplane  drag, 

Q.i.fl  Environment 

8.1,0, 1  Ambient  Tomporaturo  dominions 

Tho  complaio  engine  shall  perform  satisfactorily  under  ambient  temperature 
deflnedby  Pigs,  1  and  0,  as  limited  by  tho  P<i «  T'n  ongino  onvelopo  per 
reference  Par,  2,8, lfi, 
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■1 

Pressure 

Altitude 

m 

Ambient 

Temp 

Maoh 

Number 

I 

ltec 

Minimum 

Net 

Thrust 

(lb) 

Maxb 

BP 

(lb/l\* 

Maximum 

Augmented 

0 

Bid 

o 

0,0(1 

80,  (100 

1,7 

Maximum 

NoiwVugmontod 

0 

Bid 

0 

0, 

00 

4(1, 400 

1,0 

Maximum 

Augmented 

0 

Bid  •H0°P 

0 

0, 00 

81,400 

1,0 

Maximum 

Noil-Augmented 

0 

Bid  •I40°P 

0 

0,00 

40, 100 

■  1,0 

Maximum 

Augmented 

<18,000 

Bid 

i,a 

o.onn 

99,100 

1,7 

,  Maximum 
Augmented 

48, 000 

Btd  <f  i  ()°Ci 

1.9 

0,08(1 

90,700 

1,7 

Partial 

Augmented 

08,000 

Bid 

9,7 

;  o,  oi 

18,000 

1,5 

Partial 

Augmented 

(18,000 

std  M«io°a 

9,(11 

0,014 

18,000 

1,(1 

Partial 

Non-Augmontod 

8(1,100 

Bid 

(),HB 

0,00 

8,000 

1,1 

Idle 

0 

Btd 

0 

0, 07 

8100  Max 

8^ 

Idle 

80,000 

Btd 

1.9 

0,08(1 

Maximum 

Heverse 

0 

Bid 

ft 

0,00 

**1,00 

1 

IPHB 

.r.  ,  . . .  «>.  <■  ,  . . . . . . . . . . . .  l.n^nn . . . . I 

♦♦ltoversur  performance  may  be  demonstrated  on  n  ground  lent  rig  with  Bellmuuth  inlet 


U>  Fuel  Plow  In  Pounds  Pei’  Hour  13^*  ^ 

jjD>*  Ham  Heoovery  Available  at  Secondary  Air  System  Hnlry  \s^ 

♦Ambient  seeoiulury  pressure  at  exhaust  iiokhIq  shroud  (Pst  «  PA]VJ„)  [P>  T( 
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m  OMUTIKIOATION 


Minimum 


Maximum 


Airflow 
*10,  -3% 
lll/SflO 

J|> 

Power 

Kxtraollon 

(IIP) 

Miniated 

Secondary 

All1 

w@,/Wy 

ltleed 

Air 

(Ib/nuc) 

10% 

son 

400 

+ 

0 

Rim 

4fi0 

+ 

l) 

m 

4(10 

+. 

0 

004 

400 

.* 

0 

331 

400 

,000 

0 

317 

4110 

,000 

0 

Uiii 

400 

0 

t^a 

400 

,040 

0 

l  T(l!) 

400 

,004 

0 

Smuiim-*'..-*  ■. 

% 

8,1 

000 

1,00 

500 

* 

3,1 

moo  Mux  ‘->lBi0 
C^'I'IO 


lili  Dellmoulh  inlot 

[$>»  Sternly  Slate  Airflow  Tolerance  *  8%  except  as  Indicated 

U>  Steady  State  Airflow  Toleranoo  *  1 1/3% 

Tolerance  to  he  established 
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Power 

Bolting 

Pressure 

Altitude 

(Ft) 

Ambient 

Temp 

Maeli 

Number' 

A 

Ph  cz) 

Minimum 

Net 

Tin, mot 
(lb) 

Maxb 

hi 

(Ib/ln 

Maximum 

Augmented 

0 

Bid 

0 

0,00 

no,  not) 

1,  o'. 

Maximum 

1  Nom'Aupiunlod 

i) 

Bid 

0 

0,00 

44,000 

1,11 

Maximum 

Nun-AuRinontPil 

0 

Bid 

•i  40°F 

0 

0,00 

40,000 

1,7( 

Maximum 

Augmented 

0 

Bid 

«I-40°F 

0 

0,00 

00, 100 

1,1" 

Maximum 

Augmented 

4fl, 000 

Sid 

1,8 

0,000 

81,000 

1,7) 

Maximum 

Augmented 

49, 000 

Bid 

•t*10°O 

1,8 

0,000 

10,700 

1,71 

Partial 

Augmented 

09,000 

Bid 

8,7 

0,01 

19,000 

1,91 

Purlin! 

Augmented 

09,000 

Bid 

-KL0°Q 

8, 0.1. 

0,014 

19,000 

1.7J 

Partial 

Nnn*AugmenUx 

110,190 

Bid 

0,09 

0,01) 

9,000 

1,8! 

E§? 

j.,01 

Idle 

0 

Bid 

0 

0,07 

8,100  Max 

Idle 

90,000 

Sid 

1,8 

0,000 

Maximum 

Hovorse 

0 

Bid 

0 

0,00 
:  +*1.00 

“88,000 

<•80,1)00 

£>■  Fuel  Bow  In  pounds  per.'  hour 


lium  I'eoovery  nvulluble  u!  secondary  air  system  entry 

♦Ambient  secondary  pressure  ut  exhaust  nonnJo  shroud  (Par  « 

♦♦Heverser  perolTnmnue  may  bo  demonslraled  In  n  ground  tost  flu  with  Dollmoutli  Inlet 
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II,  1 ,  III  1.  I  Design  Illicit.  TumpGMlUl'OS 

Maximum  ale  stagnation  temperature  will  bo  fiOlPF  with  on  ovyrshoollo  a 
stagnation  temperature  of  ftiui8F,  based  on  a  variable  ratio  of  specific  heats 
for  all*,  Tlio  stagnation  tempuralurQ  will  not  exceed  BrnFF  for  more  than  l.ft  min- 

II,  J ,  II,  1, 3  Operating  Wiivolopo 

Thu  engine  anil  engine  systems  ghall  funollon  satisfactorily  within  the  operating 
envelope  flu  defined  In  Figs,  11  and  »i, 

n,.l,ii,.t,!i  Usage 

Thu  Iniondod  usage  of  ihu  engine  la  for  nowerlng  a  supersonic  transport  aircraft, 

II,  1,1),  1.4  Unglue  Naoollo  Tompuraturu 

Tim  engine  and  components  shall  perform  satisfactorily  during  normal  uporatlon 
with  that  portion  of  Him  onglno  forward  of  tho  firewall  surrouiulod  by  stagnant 
air  at  a  maximum  average  lomporaturo  of  0B0al«',  Uompononts  located  at  thu 
forward  half  of  ihu  naoollo  accessory  oomph rtment  will  not  bo  ux))ogod  to  more 
than 


,'U, -I  Fuel 

Tho  engine  shall  funollon  satisfactorily  throughout  its  oomploto  operating 
rnngo  for  any  s toady  statu  operating  uondltlona  when  using  fuels  oonformlng  to 
or  having  any  of  tho  variations  permitted  by  lief,  a, 3, 4, 

Hi  1.  bubrloiillon 

Tho  ongJiiu  shall  funollon  snllsfaolorlly  throughout  Its  oomploto  oporatlng 
range  for  any  Bloady-elnto  and  translont  oporatlng  ocmdlllon  when  lubrloanls 
oonformlng  to  and  having  any  of  the  variations  In  oharaolerlstlos  permitted  by 
Hof,  a ,  a,  n  are  beings  used, 


lb l,o  dinning 

The  engine  shall  be  capable  of  ground  starting  from  »l,ooo  ft  to  +0,(100  It 
within  tho  ambient  temperature  oondlllons  ns  defined  In  Fig,  3,  subjoot  to 
fuel  with  a  maximum  visooslty  of  13  oontlstohes  and  lube  oil  with  a  maximum 
vlsuostty  of  iihooo  eonUstokes, 


n.  1,7  Weight 
I).  1,7,  l  Daslo  Unglno 

T'he  weight  of  tho  engine,  as  defined  In  the  Model  Specification  shall  not  exceed 
11,8117  lb, 


h,  1 ,  fl  Useful  Life 

Unglue  parts  and  components  shall  ho  designed  for  a  useful  life  including 
repair  or  replacement  consistent  with  an  alrplano  normal  service  life 
expectancy  of  at  least  flo,  ooo  hr,  General  moetrlo  shall  undertake  the  design 
and  development  of  Improved  components  or  parts  arnl/ou  repair  procedures 
for  thu  uompononls  or  parts,  as  shown  to  be  required  by  airline  service, 

11,1,0  Deleted 


D6A!OI9fl«l 
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Figure  3,  Bnglne  Operating  Bimlope 
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RNAU  COMPRESSION 


OXTURNAU*  INT 
COMPRESSION!' 


MAOII NUMOER  (Moo) 
Plqm-ilt  Inhl  Tolul  Preuura  Rmvwy 


l),  1,  lo  Flight  Maneuvers 
fl,J,10,l  Altitude 

#rho  engine  shall  i  notion  satisfactorily  under  the  flight  attitudes  defined  in 
Fig,  5,  tmclex*  me  iollowing  oondllionss 

ft,  Continuous  operation  shall  he  possible  diming  vertloai  accelerations 
of  o,6  to  a,  o  g  positive, 

b,  Operation for  00  boo  when  eubjeoled  to  vertical  accelerations  from 
o.l  to  0,0  g  positive,  and  from  8,0  to  0,8  g  positive, 

g,  Operation  for  10  sou  when  subjootsd-lo  vertloai  aeoeleralions  from 
0,1  lo  1.(1  g  nogatlvo. 

d,  Oporatlon  for  0  boo  when  eubjeoled  to  o  g  condition  (>o ,  1  g). 


USA?  ofi««i 


ftigut*  5,  Miighie-AiiKiHfe  Limits 

Mi  optnnlion  foj*  ifl  two  when  subjected  to  gJdo  5Kjug lor^li one  Trom  M  to 
1.7  K  (ft'otit  all  Iter  aids). 

f,  cHmiinuou^  opoviRloii  wlum  etd)jou{od4o  fore  and  nfi  ntwelornlloiiH 
from  » Lo  ii.fi  g, 

g.  (Mlnumig-  operation  when  subjected  to  Hide  neoolernUong-  from  o 
to  (from either  aide). 

n.li'U  DgmigqHqu  irienlUtealion 

Insofar  lie  poeeible,  Urn  angina  shfili  ho  nm’itumynU.v  mnrhed  lo  Indlcmte  fill 
fiti’fi'nmo  mmnoetloiifi  shown  ea  the  IimtftlUiUcm  Drawing  for  instruaienUiUoiii 
elaaipkal,  fuel,  oil,  mul  nlr  osniwatlonsi 

it.  1 1  IS  Eteunrosl  Xlnimnnble  Fluid  Ulnae 

All  oKletnnl  linos -and  flUInp  wliloh  uonvey  fiammuhlo  fluids  shall  be  fireproof 
no  defined  In  ltof.  Pan.  H*  l.ft. 


tttAIOIgflot 


S32ESJP 


0,1.  l!)  UoiUuliimenl 

The  engine  shall  bo  go  constructed  to  oontaln  with  Urn  outer  ease  of  the  engine 
nil  compressor  blades,  alato.v  vanes,  noKKle  guide  vanes  or  turbine  blades  that 
fnll  and  beuomo  detauhed  from  the  engine  during  operation  throughout  Iho  entire 
engine  power  range, 

11,1,14  Accessibility 

hieofar  as  possible,  those  pads  of  the  engine  requiring  routine  service  elmoldng, 
adjustment,  or  replaoemonf  ahali  be  made  accessible  for  servicing  or  replacement 
without  loardown  of  Iho  engine  or  removal  of  any  other  part,  component  or 
accessory, 

a,  1, 14,1  l'lnglne  Hervloe  Points 

Unglue  components  which  require  periodic  servicing  shall  have  service 
fillings  located  so  that  any  spillage  or  drainage  Is  prevented  from  falling  on 
the  engine, 

11,1,13  Documentation 

(funeral  Electric  shall  htrulshlo  Boehm  epeoifloally  agreed  upon  rierumonlii* 
slun  uf  performance  fur  both  engine  anu  the  onglnu-furulshed  components  as 
an  aid  to  Dyeing  In  obtaining  airplane  certification, 

a, a  SPEQMG  REQUIREMENT!)  POM  DEMON 

0,8,1  auaranleed  Performance  and  Noise  Control 

a, 8,1, 1  Performance 

In  addition  to  the  guaranteed  calibration  stand  porformanoo  shown  in  the  Engine 
Model  Hpeolfloation,  Ref,  Par,  8,8, 14,  the  engine  shall  meet  the  flight 
performance  points  shown  In  Table  I,  Additional  engine  performance 
guarantees  if  required,  will  be  mutually  established, 

Q i  Hi  iL  8-  Noleo  Oonliol 

11,8,1,8,1  Nolee  Levels 

The  noise  levels  generated  by  one  engine  shall  not  exceed  the  values  In  Table 
II  at  any  point  along  a  line  parallel  to  and  800  ft  from  the  axis  of  Urn  engine, 
Measurements  may  be  made  either  on  the  line  or  on  an aus  of  800 .ft. radius  and 
extrapolated  to  the  Hue  by  b  A  t  procedures  The  engine  shall  be  In  compliance 
with  these  values  under  the  following  conditional 

a,  Smile  operation 

I),  RsllmouUi  inlet 

o.  Produetlou  aokkI*  ami  reverses 

d,  gUuulftril day  at  sen.  level  at  80°.E  and  70  percent  relative  humidify 

e,  wind  at  5  kfi  ep  less  with  no  pals 
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f,  I'lnl  Uu'rnlti  at  rum  ri  radlim 

If,  Itplllttplllltf  -height  uqillvidnnt  to  8  OKhlUlHt  nuHKlo  tllllMuLfU'li 

above  tho  ground, 

Thu  nolau  level  immiiur^il  ru  Bpw'irtod  In  Pius  a, 8,  1,8,  I  shrill  not  uxuufid  tho 
following  valium  for  tho  oontIUloiiH  Hlntedi 


Table  //.  Ha ih  Level! 


Maximum  nugnmnled  Uumei 
;  ih,  Odd  Ihthrust 
i8,oot)  Ih  thrust 


P Nelli  MAN 
i.'llc,  A 

ion.  n 
l  nu.n 


noth  CIM  mill  llouing  Nhall  inordinate  nndkuop  urtoh  other  informed  throughout 
thu  unglue  development  program  of  Ilia  alotus  of  their  efforts  In  mooting  tho 
nolee  roqutrunientB, 

!). y .  L.U . y  WoIho  Prediction 

Clenoriil  Hluoivlc  may  tine  Hof.  Par,  8,8,0  In prodlethig  tho  uiifflno  no  I  go 
luvol,  Tho  turn  of  llilfl  iH’odlutlon  ayatom  does  imt  rollovo  flunornl  HlooLrlo 
from  mooting  llio  required  no  I  no  luvol, 

11,8,1,8,  II  I'lnglno  Auouetluni  Hnvlronmoni 

Tho  unglue  Bind  1  ho  designed  mid  oonstruotod  to  fimetloa  for  idmbr  durnllon 
without  fnlluro  in  any  of  tho  engine  uompommla  na  a  rumdtofnpy  rating  at  a 
iioltm  tovol  of  lfifl  til), 

0,8,8  I'lnglno  Air  Wood 

11,8-8,1  Alv*Uondillonlng 

Tho  unglue  ahull  provide  blood  nlr  for  nlmnoiKliUonlng  and  preaaurimiUon  of  tho 
ptifigongov  and  orow  oompnrlmunla  whloh  enilBflua  the  following  requirements 

11.8, 8, 1,  V  Wuality  of  llloud  Air 

Dirt  or  other  fortdpparUolo  yonaontralloii  in  tho  blood  air  a  (tor  ospmwton 
to  fllmosphorla  proiiuro  nlmll  not  okooiuI  tiiist  ef  frro  nlr  nltead  of  thu  engine 
Inlet  oil  a  per  unit  volume  hngis, 

o,M,8, 1,8  Uontnmhiailon 

Tho  air  at  Urn  engine  blood  porta  shrill  ndt  oonlfdn  qtmniltHm  of  engine  gemmated 
noHtotw,  toKlu  or  Irritating  mibalmmea  Rbovo  thamaslmimr  threshold  limit 
values  of  Urn  uubBUmuuB  eitovm  in  Table  ill, 


MMGNfi-l 


Tdlilt  III,  RImiI  Alt  Contamination  blmlli 


Hubstonoos 

Parts  per  million 

Qni'bon  dioxide 

5,000,0 

(Jerboa  monoxide 

50,0 

Oiu'lfou  lelrnohlorido 

50,0 

Deunbornne 

0,0ft 

Diborone 

0,1 

Penittborono 

1  0,01 

i'Hliyi-  aloohol  (ethanol) 

t 

1  000,0 

Piuoylne 

0,1 

Fuels ,  aviation 

850,0 

Hydrogen  peroxide 

1,0 

Moihyl  iileohol 

800,0 

Mothyl  bromide 

80,0 

Monoohlorobromomotlmne 

40,0 

Nitrogen  dioxide 

5.0 

Oil  breakdown  produnte 
(aldeliydes ,  aoroloin) 

1.0 

G»one 

0,1 

Unayjitfdimethy)  Iwdnudiin 

0,5 

Til©  fill'  shall  ooniRln  ft  total  of  not  more  limn  5  mg/oublo  meter  of  submloron 
pr  Holes. 

n, a,g. T,0  Seals 

Accessory  a©nla,  benvlng  seals,  ami  oil  linos  shall  bo  designed  so  that  a  slnglo 
failure  (exoepl  fin  engine  bearing  failure)  oannol  result  In  bleed  nil*  contamination, 
Qoneral  ISieotrlu  shall  submit  a  failure  analysis  to  Hoeing  to  demonstrate  how 
the  design  meets  this  requirement, 
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'J.  0.1.4  Humility  of  Mood  All* 

him  blood  port  um  hIwwii  In  I'lg.  ahull  be  provldod  in  mipply  llio  hluiul  air 
for  nil'  i'oiulIUonli»|jf  dul'huul  in  Tnhk*  V, 

n.a.a.a  inlvi Aniuivinif 

onu  blond  ihi^I  na  nltmvn  tn  Pl«,  fi,  Hindi  bo  provldod  In  supply  llio  blood  all1  for 
Pilot  nnlt-lulnit  dol'lnod  inTidilo  V. 

II. ad)  AuouHHory  Drlvo  Powor  Tnhooff 

ll, a. I).  I  Aouoeaory  Di'tvo  Powor  Tnhoufl*  PiMivlalima 
'I'hu  unftlnv  Hindi  provide  11  dj'lvo  pud  to  allow  tho  nilnolnnoiil  or  u  Mooing* 
furnlshod  external  Hindi  mul  n  runioioly  louniod  airframe  uoooHHory  nuiir  box, 
Ai'Oohhui'Ioh  mouniod  on  Hu*  goar  box  Ineiudo  llio  main  hydrnullo  pumps,  no 
gonornlor  mul  speed  ewilrol,  ooulniil  nlr  I'nii,  oiibln  air  Poohi  uonipi'oHHnt'  mul 
air  turblno  atarlur,  Thy  pud  mul  powor  inltooff  mating  Hindi  oonnoollon  hoi'voh 
hh  (ii)  n  moans  to  obtain  pmvoi'  from  tho  oiiidno  to  drlvo  llio  gonr  box  nnd-innuntod 
(loooHHoi'loH,  mid  (b)  ii  momifl  to  transmit  powor  from  tho  nooossory  aoni*  box 
to  llio  oiijilno  I'oltu*  for  Hlnriliuf, 

Tho  drlvo  pod,  almllur  to  Hof,  Par,  9, a, a  oxoopi  for  Imruopowor,  Hindi  lm 
provided  with  mounting  flmigo,  looiitlon  flolalla,  mid  dlrootinn  of  rotation 
us  flliown  on  llio  engine  Installation  drawing,  Tho  pud  will  ho  designed  to  bo 
uompnllblo  with  tho  nooomtory  drlvo  system  per  Hof,  a, 9,  In, 

11,9,11.  i,  I  Duslgn  Power  Mxlrnutlou 

Tho  drlvo  pud  shall  bu  designed  to  transmit  tho  p  nvor  loads  shown  hi  Tnhlo  IV 
holow, 

Oyollo  load  variations  shall  bo  M.U  hp  at  a  fruquonoy  of  I  oyolo  pur  inliinlo  with 
tho  nominal  oonUnuous  loads  shown  la  Tallin  IV, 


Tobin  IV,  l/ofs«jtow#f  Snlmllon 


**=■=-*» 

I'JNtliNI'J  HIM1)  1')  1)  I 

Ope  ration 

Duration 

5,  Ofia  rpm 

flroimd  Idlo 

ni%  rpm 

GollllllUOUS 

flftll 

ailfi 

-1(10 

hitornitlloiii 

•1  mln/fUght 

IH7 

443 

(uni  j 

!  niln/fllght 

MKitl 

(ii  a 

ana 

Maximum 

_  III -HOo/lOOill1 

IIHH) 

niiii 

min 

!),  a,  ii  a,  a  Kn$ino  HUtriing 

Tito  pad  Hindi  m  designed  to  transmit  tho  torque  roqnlrod  for  engine  start, 
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Table  V,  flnglne  lilted  / 


Mnuh 

Altitude 

Ham 

bleed 

Plight  dominion 

Number 

(Pool) 

ltGeovory 

Inlet 

- 

Anil-Join 

(ib/HOli 

Ground  and  ullmb 

0  -0,4 

BL 

0,00 

0,0 

0,4-1. 0 

00,000 

0,01) 

9,0 

Ollmb 

3.00 

40,000 

0,080 

1.80 

80,000 

0,009 

9,(5 

00,000 

0,010 

9,8 

70,000 

0,010 

9,8 

70,000 

0,010 

Descent 

9,8 

70,000 

0,010 

9,8 

70,000- 

0,0.10 

1,88 

00,000 

0,070 

1,18 

80,000 

0,007 

0,08 

40,000 

0,000 

Dosaont  and  hold 

0,(1 

00,000 

0,00 

8,0 

Ground 

0 

HI, 

0,0(1 

0,0 

HeflootH  rof(utromont  for  motoring  ADB  plus  nlr-oondllloning, 

Low  Idle,  84  peruent  rpm • 

Btnndnrd  day  uundlllone, 

Minimum  pressures  measured  downstream  of  the  engine  bleed  port, 


/ 


Dlooil  All'  Uocjuli'omenlB +  +  * 


Ail'  cJondilionliu? 

AiUl-IoIiitf  Normal  Maximum 
)  (ib/soo)  .  (MIj/hou) 


J 


osAioiBBoi 


IMBUAIi 


Pigm  6,  4J/««d  Alt  Pun  Gon/lgufullon 


9 •  fl  1 0 1  li  0  Dynem la  Loading 

The  drive  pnci  shall  be  designed  to  withstand  thelmpnot  load  incurred  when  a 
staile  gearbox  laponneoted  to  the  pad  with  the  engine  windmiUJng  at  1,6 
peroent  rpm,  The  estimated  ADO  equivalent  polar  moment  of  Inertia,  at  the 
PTQ  pad,  is  40  Ib-lr,  TUo  estimated  torsional  spring  rate  of  the  AD8 
shaft  Is  1100, 000  in,  ib  per  radian, 

0,8,0,  1,4  Power  Takeoff  Bhaff  notation 

Shaft  speed  shall  be  0, 000  *800  rpm  with  the  engine  rotor  at  100  percent  rated 
rpm,  Dlreollon  of  shaft  rotation  Hindi  be  clockwise  when  viewing  the  engine 
PTG  pad,  ■ 
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JiiQiM.fi  Mliom*  Ruction 

Any  shorn'  sootlon  provided  by  GW  shall  Ikj  doslgnod  to  shear  nl  n  torque  or  not 
loan  limn  fl.auo  rt  -  lb, 

n.9,11,1,0  Mounting  Flnngo  mul  PTO  Rhnfl  Loads 
Tho  gear  Ijok  and  aeocssorlQa  will  bo  supported  from  tlio  aircraft  structure, 
Hnwovor,  tho  pad  will, bo  subjected  to  anti  shall  bo  designed  for  an  ovevliung 
momeni  of  1.000  In,  lb  Inourrod  through  angular  and  axial  defleellon  of 
oxlornal  abaft, 

lb  9,  (1,1,7  Lubrloallon 

Tho  engine  spline  shall  bo  lubrlualod  by  Iho  engine  lubrloallon  system, 

11.9.11.9  Maas  Moment  of  Inertia  of  Rotating  Parle 

Tho  offoetlvo  maee  moment  of  Inortln  of  the  compressor  turbine  unit  about 
lie  axle  la  4, 000  lb-fl«, 

Tho  offoetlvo  maee  moment  of  Inertia  of  the  maeeoe  to  bo  driven  through  Iho 
nuuoflflory  power  takeoff  during  engine  starling  la  9, 000  lb  -  flJ  baaed  on  a 

pad-rotor  gear  ratio  of  l, 

11,9,4  Unglue  Mounting 

Mounting  provisions  shall  bo  provided  to  support  tho  engine  and  Inlet  aa  defined 
In  fig,  7,  Mounting  point  locations  shall  bo  shown  on  the  Installation  Drawing, 
Allowable  loads  are  given  In  Ref,  Par,  8, 9,  IB, 

11,9,4,1  Design  Load  Factors 

'Hie  engine  niu  its  mounting  points  shall  be  designed  for  ultlmalo  load  faotora 
not  loss  limn  1 1§  following  for  tho  propulsion  pod,  Tito  engine  and  lie  supports 
shall  wlthslaiu  8/llof  tho  ultimate  design  loans  as  shown  In  Table  VI  without 
permanent  deformation, 

11.8.4.9  dupsrsonlo  Inlet  Provisions 

Tho  engine  compressor  ease  shall  provide  (I  point  support  for  an  Intorehangeable 
supersonic  Inlet,  The  flanged  Inlet-engine  Joint  shall  forfo  li  solid  pressure 
light  seal, 

II, 9, 4, 9,  l  Forward  Compressor  Flange  Design  Loads 
The  ultimate  design  loads  for  Iho  engine  forward  flange  r  .  d  lit  Fig,  0, 
The  flange  shall  withstand  the  specified  luiuls  without  fall,  /It  iho 
specified  loads  without  permanent  deformation, 

0,9, ft  around  Handling  Attachments 

Mounting  provisions  shall  be  provided  on  liio  engine  for  support  of  the  engine  on 
ground  equipment  or  for  ailnonment  of  hoisting  equipment,  These  attaoh  points 
shall  be  readily  aooessibte  without  removal  of  any  engine  components,  Tho 
location  and  dimensions  shall  b«  as  shown  on  (he  Insinuation  Drawing, 

Thu  ground  support  attachments  shall  bo  designed  for  an. ultimate  load  of  at 
least  8,  0  tlmos  the  weight  of  the  complete  engine  pod,  These  support  points 
shall  be  independent  of  me  normal  flight  support  points,  They  shall  be  usable 
with  the  flight  support  links  installed, 
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Tulih  VI,  Dnilgn  Load  Pue/ofi 


OondlUon 

1 

0«n  V  -  Landing 

y 

*4,o  V  -  Landing 

1! 

0,o  v  i  i,o  f^| »  Huporsonlo  mnnouvor 

<1 

«4,o  V  i  1,0  'l’M  *  fJupoi'sonlo  mnnouvor 

0 

li,o  Tm  i  0,0  V  -  I'liUguo 

(i 

11,0  « l|,nll|piu 

7 

•a. fi  H  «  Mnnouvor 

H 

0,1  (1 ■  Munuuvor 

II 

My 1  1,0  V  •  1,0  *  (lyrosooplo 

in 

“My  *  1,0  V  i  1,0  Tm  *  Clyrosooplc 

u 

Mp  '  11,70  V  '  1,0  'I’jy, «  Oyrosuoplo 

is 

“Mp  i  11,70  V  i  1,0  'l‘jyj »  Oyrosuoplo 

ID 

Aura  (li)  i  1,0  Tjyj *  Hupursonlu  mnnouvor 

14 

1,0  Tm  ■  Aoro  (li)  « fluporsonlo  maiumvor 

in 

Aoro  (T)  *  1,0  Tjyj  *  frimsnnlo  mnnouvor 

10 

1,0  TM  * Aoro  (T)  a  TrnnsoiUu  mnnouvor 

.17 

0,0  !)■  Whoolfl“iip  ImuUnic 

10 

■o.o  ii  *  mudiiiiB 

10 

1 11,0  Tpt  i  il.d  V  *  llovorsa  llirust 

ao 

Mjj  * Hnglnu  solnuro 

V  -  Wl<  of  propulsion  pod  noting  vorlloctlly 

fl  -  Wl  of  propulsion  pod  doling  lalovnlly 

1)  -  Wt  of  propulsion  pod  noting  forwnrd 

Tm  Mnxhmim  onglno  llirust 

■  m 

A 


O(iAIOI01)«t 


Table  VI,  GoneluM 


•n 


Ln 


Maximum  englno  reverse  thrust  (»,  00  max,  diey  tlmust# 

Uyi'Miiopln  ygwlng  moment  (due  to  airplane  pltuh  i  uto  oHrllB 
rnd/seu, 


M. 


M  f,  Clyroseopiu  p  tohlngmomont  (duo  to  nirplimo  .^nw  rate  of  0,  no 
rnd/seu,  \p 

M|j  Holt  moment  due  to  unglue  neieuro  (Hoe  Fig.  a  for  Magnitude) 

Aero  (B)  Totnl  aerodynamic  load  noting  on  propulslonum!  (Hupeiwonle)  (Bee 
Fig,  h  fon  magnitude) 

Aero  (T)  Total  aerodynamic  load  noting  on  propulsion  pod  (Trane onto)  (See 
Fig,  h  for  mnpiludo) 

NOTE i  Weight  of  tho  propulsion  pod  is  equal  to  the  basic  engine  H),  000  lb, 
D>  «  l  riul/eoo  moxi  operational  value  (j]> 

“O.fi  rnd/stm  max,  operational  value 

Tho  englno  will  l  continue  to  oporatu  (at  roduoed 
performance  if  tho  englno  is  not  at  a  slnblllMul  RPM) 
after  exposure  to  this  condition, 


O', 8,0  Englno  Alrorait  Aoooseory  Provisions 
0,8, 0, 1  Inlot  llydraullo  Pumps 

Two  drive  pads  In  nooordnnoo  with  Hof,  8,9,1  shall  ho  provided  on  tho  engine 
for  mounting  hydraullo  pumps,  Tho  maximum  drive  speed  shall  he  6,800  rpm 
(laohullng  llm  projected  maximum  englno  growth),  Tho  minimum  torque 
required  Is  1,  loo  in,  lb.  Pad  ioonllons  are  defined  In  Fig,  10,  Enuh  pad  shall 
deliver  00  hp  at  0,  ooo  rpm  for  5  percent  of  dm  lime,  Tho  total  continuous 
output  for  both  pads  shall  bo  06  hp,  Drive  dala  shall  bo  shown  on  llm  InslnllaUon 
Drawing,  Tho  pump  outline  Is  shown  In  Fig,  11, 

11,8,0,1,1  Upline  Lubrlonllon 

The  spline  shall  bo  lubricated  per  Par,  0,8, Tib 9, 

0,9, 0,8  TnohoAnolor  decorator 
A  laoiiomotor  generator  shall  bo  provided  by  CIM, 

II, 8, 7  Engine  Exhaust  nnd  llovorser 

The  englno  shall  bo  furnished  with  an  exhaust  system  Including  forward; thrust 
iiqkjUq  system  and  thrust  rovorser, 
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II,  tU.l  Two  Bingo  fijeoloi1 10>tlmuH6  No»k1o 
T!io  exhaust  iiokkIq  system  shall  Inohulo  a  vai'labto  ui'oa  two  slap  ojeotor 
iwfcKlo  oomnlsto  with  required  aotuntors  and  linkages.  All*  Inlet  doors  are 
supplied  with  Urn  iiohkIo  to  admit  additional  ejector  air. 

Nopde  performance  ctoflnlUons  aim  as  followsi 

a.  Into  real  Perform  a  noe 


or,,  „ 


ok 


Ofg0<1  ^ 


'"TilenTPrlniarfTlifust 
b,  Installed  Performnnae 

BoattAll  &  Inlet  Drag  -i-  induction  Losses  for  We 
ur»«l,  ineb  '  or*eq  - fcianT 'l>Fi m~ ry*? tTfuST* 

g«P  l>  ’  Fi'imm  "  (li,D|.  D,  P(|  Pwflil  1 

pH  1 1 II  r"iii-i-~T - - 1 - -i.— 

S 

o.  Noassle  Definitions  (See  Pig,  .18) 

Qfg  »•  Hogfcle  Thrust  Coefficient 

•-  Equivalent  Nosale  Thrust  Ooeffiolent 

-  Doattalldrag 

-  Inlet  drag 

*  nnmpdVRg 

-  Second  stage  ram  drag 

*  Primary  gross  thrust 

*  Secondary  gross  thrust 
•*  Secondary  -earn- drag 
«  Primary  Ideal  thrust 

*  Primary  airflow 

*■  Secondary  airflow  which  Includes  leakage 
»-  Second  stage  airflow 
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BGOOHDARY  PUflW  INDUOTIOH  DRAG 
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IDRAL  PRIMARY  TIIRUIT 


INSTAtLBD  PERFORMANCE 


Rffgqi  in§l  ~ 
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DOATTAIU 


rifIDUOriON  uo 

_ _ 

IDEAL  PRIMARY  THRUST 


Plgur§  fli  Bxhml  Hank  Thrust  and  Drag 


the  sohodulo  of  hoQUftil  angle  nt  Installed  (I lulu  conditions  shall  bo  ooovdlnnloil 
with  imti  approved  by  Duoing, 

11.8.7.8  llovorso  Thrust 

Thu  engine  Hhnll  hu  capable  of  Hiillafnoioiw  operallon  on  n  standard  sea  lovul 
diiy,  with  the  reversal'  In  either  lltu  forward  thrust  position,  or  full  reverse 
position, 

.J’lte  net  effective  reverse  thruat  shut l  he  In  neuordniteo  with  Tnblo  I,  Tho 
reverse  tins  flow  pattern  shall  bo  In  nuuordanoe-  wlUi  Pig,  7,  Tho  thrust  revoraor 
opornUon  shall  be  controlled  by  Iho  basic  engine  power  control  system,  Tho 
thrust  revoraor  shall  Incorporate  n  position  liifUtmiln($  transduuor  or  awlteh, 

11,3,7, a.  I  Jlevoralncf  Time 

The  time  required  to  ekmge  tho  engine  power  sotting  from  maximum  dry 
forward  thruat  lo  maximum  reverse  thrust  Is  specified  in  Par,  11,8,  ib.fl, 

11.3.7.3.8  ltevorsor  dnfoty  fnterloeh 

Tho  ruverser  shnll  Inoorporale a safety  iniorlook  with  Iho  power  oonfcroi  sttoh 
Until 


n,  Power  mol  bo  luoreased  In  the  forward  thrust  lover  regime,  unless 
the  roversor  la  In  the  forward  thrust  position, 

b,  Power  cannot  he  Inurensod  above  HR  peroent  rpm  In  tho  reverse  thrust 
lever  regime,,  unless  iho  roversor  is  In  the  full  reverse  position, 

o,  In  the  event  that,  at  any  power  condition)  the  roversor  should  depart 
from  tho  forward  thrust  position  dlatntod  by  tho  thrust  lever  position,  the  engine 
power  shall  bo  rodeoed  lo  Idle, 

11,3,7,1)  Measurement  of  Mxluiusl  Gas  Temperature 
The  engine  shall  bo  equipped  with  tho  thermocouple  probes  for  measurement 
of  turbine  exhaust  gas  lompevnUiru.  The  ihormoaouples  shall  permit  consistent 
measurement  of  average  exhaust  gas  temperature, 

11,8, 7,4  I'ixhaust  Mom  Mounting  Flnngo  Loads 

Tho  ultimate  aero  design  loads  for  iho  engine  lift  flange  are  defined  in  Pig,  u, 

The  flange  shall  withstand  iho  specified  loads  without  failure  and  8/0  the 
specif  led  loads  without  permanent  deformation, 

11,8,7,0  Aft  (Jowl  deal 

Booing  will  assume  responsibility  for  development  of  the  air  seal  at  tho  Inter¬ 
face  between  the  Boeing* furnished  oowi  panels  and  Uio  QK-fumlsIted  aft  cowl, 
Tho  leakage  through  all  cowl  joints  will  not  exceed  u.fi  Ib/mln.  Booing  will 
assume  responsibility  for  provision  nf  inlets  and  seals  between  nacelle  doors 
and  accessory  capsule, 
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I).  a ,  u  Unglue  Control  Hyslom s 

Thu  engine  control  systems  shall  inuludo  nil  oonlvol  units  required  for  proper 
and  complete  oonlvol  of  iho  engine, 

O.D.s,  1  Thrust  Modulation 

Tho  relationship  bolwoon  engine  thrust  and  thrust  lovov  position  shall  ho 
fruu  of  abrupt  changes  except  no  It  to  nffoolod  by  augmentation,  onglno  blood, 
and  normal  and  ground  kilo  throttle  position,  Tho  variation  of  rpm  versus 
are  of  travel  shall  bo  por  l''lg,  III, 

II, a, n. a  marling  i'roueduro 

The  normal  starting  procedure  shall  bo  simple  and  shall  not  require  oxoosslvu 
pilot  skills,  With  the  power  oonlvol  In  ilia  idle  position  and  onovalnlng  the 
ground  start  swlteh,  ndvnnuomonl  of  tho  fuel  shutoff  control  shall  provide  for 
ground  and  air  starting  and  sails  factory  aooeleratlon  lo  stabilize  kilo  operating 
conditions. 

ii, a, a,  h  Power  Control 

A  single,  separate  oonlvol  shall  Iso  provided  on  the  engine  lo  modulate  thrust 
throughout  tho  entire  sahodule  defined  by  Pig,  ID,  The  ntlnehmonl  for  the 
airframe  oonlvol  system  shall  luolude  a  male  spline  with  missing  tooth 
Indexing,  The  total  angular  travel  of  Use  power  control  at  tho  external 
attachment  point  shall  not  exceed  iao  deg, 
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Tho  power  control  shall  contain  features  that  nreoludo  any  thrust  lover 
creep  in  either  Urn  dlruolion  of  Increased  or  nouronsod  engine  rpm,  Noithor 
the  control  syslom  or  ihrollle  shall  bo  soIRmorgialng  In  nny  dlroollon, 

Tho  powor  control  system  shall  ho  provided  with  n  rifi  pin  or  equivalent  to 
loonlo  tho  engine  oompnnoiUs  nt  Iho  Ullo  position  and  nt  tho  pnrtlal  powor 
position  (»o  percent  max,  dry  IhrustV,  In  addition  to  tho  rigging  stops,  a 
protrnotor  or  scale  mid  pointer  slum  bo  provided  to  Indtonlo  tho  nnglo  of 
movement  mid  tho  major  throat  sellings, 

Tho  power  control  syslom  shall  Inoorporalo  provisions  for  a  rigging  pin  or 
other  positive  moans  of  rigging  engine  furnished  linkages, 

1), a. fl.0,1  tloleolor  Valvo 

A  single  lover  shall  be  provided  lo  oonlrol  tho  fuel  shutotf,  fuol  reolroulnllon, 
windmill  brake,  and  turbine  cooling  conservation  as  follows! 


Position-  Hlop  —  o8  -  II8 


It, 

Windmill  brake 

-  Windmill  brake  applied,  Fuel 
shutoff,  Fuel  roolrmilutlon 

0*»  1.7 8 

b, 

Shutdown 

«  Fuol  shutoff,  Fuel  reolroulatlon 

879 «  111)8 

e, 

Dosoont 

-  Permit  required  fuol  flow 
nnd  recirculation  for 
cooling,  C& 

07"-  00* 

d, 

Hun 

*  Permit  required  fuel  flow, 

07 8  «  (I!)9 

e, 

Cruise  and  loiter 

-  Permits  turbine  ooollug  air 
conservation  by  shutting  off 
compressor  air  used  lo  cool 
turbine  rotor, 

nr  -  loo8 

Stop  « 

18  IP  -  108" 

0>* 

fee  Par,  I). 8,0, 9b  for  reolroulnUon  limits, 

Tho  oonlrol  shall  Inoorporaio  provision  for  a  rigging  pin  or  other  positive 
means  for  Indexing  Iho  lover  at  the  Oil  deg  position,  in  addition  lo  Iho  rigging 
slops,  n  protractor  or  soale  nnd  pointer  shall  bo  provided  on  (he  selector 
valve  shaft  to  Indicate  the  angle  of  movement  and  the  major  mode  settings, 

0,8, 0,0,8  Engine  Oenlrols  Maximum  operating  Torques 
The  maximum  torque  required  lo  operate  Iho  engine  powor  control  throughout 
Us  range  of  travel  shall  not  exceed  18  in,  Sb  measured  at  iho  control's 
external  ntlnohmonl  point,  The  maximum  torque  required  lo  operate  (he 
engine  selector  vaN  throughout  Us  range  of  travel  shnll  not  oxeeod  80  In,  lb 
measured  at  the  control's  external  niliwhmont  point, 
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Tho  torque  values  noted  above  eludl  apply  throughout  the  engine  starling  nnd 
operating  temperature  range. 

II, d, il.lUi  Engine  Uonlrol  Byslom  Design  Loads 
In  the  power  control  system,  the  engine  power  control  she  ft  nnd  tho  engine 
supplied  linkage  for  Iho  power  uonlrol  system  shnll  neither  bind  nor  tub 
permanent  deformation when  n  torque  load  of  000  In,  lb  nnd  n  bonding  moment 
of  »fio  in,  lb  Is  nppliod  id  the  nlrfrnmo  nttnohmont,  'Che  engine  power  control 
shnft  nnd  engine  supplied  linkage  shnll  ho  designed  to  withstand  i,5  times  tho 
above  loads  without  failure,  However,  tho  soieolor  valve  shaft  shall  nolther 
bind  or  Inlto  permanent  deformation  when  a  maximum  torque  load  of  450  In,  lb 
and  a  bonding  moment  of  950  In,  lb  Is  applied  at  the  airframe  nttnohmont,  Tho 
shaft  shall  lie  doslgnod  to  carry  1,5  times  llui  above  loads  without  failure, 

0, 9 ,  fi,  4  Uonlrol  Hystem  Adjustments 

External  adjustments  lo  the  controls  shad  bo  limited  to  adjustments  which 
oan  bo  made  correctly  with  Iho  engine  assembled  nnd  with  reference  only  to 
the  operating  ohnraolorlsllos  of  'iho  engine  on  (he  ground,  The  exlornnl 
adjustments  shall  Include  the  followtngi 

a,  Maximum  speed 

b,  Idlospood 

e,  l'lHhaust  gas  temporoture 
d,  Fuel  specific  gravity 
0,9,0  Engine  Fuel  Hystem 
0,8,0,  J.  Fuel  System  Design  Pressure 

The  engine  fuel  system  shall  not  be  damaged  by  a  sustained  fuel  pressure  of 
170  pslg  applied  to  Iho  Intol  commotion  with  Urn  engine  shut  down,  The  engine 
fuel  shutoff  valve  oan  bo  In  either  the  otosod  or  open  position, 

0,8, 0,8  Performance  with  Assistance  from  Airplane  lloost  Pump 
The  engine  fuel  system  shall  supply  tho  required  amount  of  fuel  nt  the 
required  pressures  for  satisfactory  operation  of  Iho  engine*  throughout  Us 
complete  operating  range  including  starting  and  augmentation  with  tho 
following  conditions  nt  the  fuel  Inlet  connection  on  the  englnsi 

a,  Minimum  fuel  temperature  of  «508F  or  a  viscosity  of  L8  oentlstokes 
whichever  occurs  first, 

b,  Fuel  pressure  —  from  true  vapor  pressure  of  tho  fuel  plus  5  psl  to 
50  pslg  with  a  vapor  liquid  <V/Ij)  ratio  of  nero, 
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0* Si  0.0  Performnneo  with  no  Assistance  from  Airplmio  Boost  Pump 
For  emergency  operation,  the  engine  shall  operate  properly  for  Umo  periods 
iuhi  uoiulillons  listed  belowi 

True  Vapor  Pressure  of  (ho  Fuol  0,90  pal  Maximum  nt  l4oaF,  Ambient  Air 
TumporiUm'Q  nt  Hliindurd  Day  Conditions, 


Uondl* 

Ml*, 

Mm 

Altitude 

.J&U 

Maoll 

JlCk, 

Time 
J  ft 

Fuel  Pressure  at  Inlet 

i 

Maximum 

0-11, 000 

0  to  0,11 

0,00 

4, 06  kotow-ambient 

Auginonled 

9 

Maximum 

O-i.5, 000 

0,40  at 
fl,  L, 

0,00 

0,76  below  ambient 

Dry 

0,00  at 
15,000 

0 

Part 

00, 160 

0,(1 

4,00 

1, 0  below  ambient 

Power 

4 

Idle 

(Ml),  000 

0-8,7 

0,60 

0,80  below  ambient 

Tim  engine  fuol  system  shall  be  capable  of  priming  Itself  mid  sterling  within 
five  minutes  nflor  fuel  runout  when  subjeoted  to  the  following  eondltlonsi 

ii.  Dry  lift  of  9  ft. 

b.  90,000  ft  fuel  lank  altitude, 

e,  1409F  fuel  temperature, 

d,  A  dry  line  volume  of  14  U,  B,  Qnl,  maximum  between  the  fuel  pump 
Inlet  and  the  fuol  pump  supply, 

e,  Fuel  per  Par,  11, 1,4  with  a  maximum  of  0, 90  pal  tvp, 

f,  Snjflna  speed  above  40  percent  rpm, 

(1,9, 0,4  Ground- Starting  and  Idle 

The  engine  fuel  system  shall  supply  the  required  amount  of  fuol  at  the  required 
pressure  for  sallsfaotory  operation  for  ground  shirting  muMdle  with  1108F 
fuel  at  Uio  engine  Inlet  oonneollou  nt  0,80  psl  holow  ambient  pressure, 
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lliHt  fit  ft  Fuol  UonlnmintUlon 

Tlw  onglno  ahull  function  anUa(iiulo»ily  when  using  fuol  uoninmliinied  to  the 
extent  apoolflod  In  ltef.  8. 1. II. 

il.  U .  I).  0  Puol  Fillers 

If  n  fJHor(s)  Is  required,  It  slinli  bo  n  part  of  the  engine,  and  ahnll  bo  of 
sttfflulonl  onpnolly  to  permit  n  oumuloUvo  fuol  flow  equivalent  to  it  minimum  of 
jo  lips,  of  onglno  operation  ui  100,000  pph  fuol  flow  with  fuol  contamination 
no  apoolflod  in  Hof.  8. 1,  It  without  bolng  olenned.  Main  flow  filters  ahull  bo 
provided  with  an  Integral  bypoaa  for  attnohlng  Inatrumonlntlon  to  dotormlno 
when  the  filler  la  ologgud  or  la  bypassed, 

A  drain  plug  with  looking  provisions  ahnll  bo  Inalallod  to  permit  oomplolo 
drainage  of  the  filter  ease, 


11.8.0.7  Fuol  Nyslom  Ioing 

If  analyaia  shows  that  m  fuoi  tompornturo  at  the  onglno  inlet  la  loss  than  i)3sP 
for  periods  greater  than  ft  min,  then  auxiliary  heath.,;  will  bo  required. 
Provisions  tor  auoh  boating  will  bo  nogollaleu. 

I), 8, 0,(1  Puol  Plowmolor 

Provisions  shall  bo  made  for  installing  a  Doolng-furnlshod  fuol  flowmolor(a) 

In  an  loo  free  sootlon  of  the  onglno  fuel  system  whoro  the  total  onglno  fuol 
flow  onn  he  measured, 

I).  8. 0.  ()  Puol  Tompornturo  Honsors 

Provisions  shall  also  bo  made  for  Installing  Boolng-furnlshed  temperature 
sensors  at  the  onglno  fuel  Inlet  oonnooiton.  Tlio  onglno  will  provide  a  tempera- 
lure  flonsor  for  measuring  fuol  lompornluro  at  llio  furthermost  fuol  noisMlo . 

11,8,0, 10  Puol  lloslstanoo 

Tho  malorlale  and  designs  used  In  onglno  and  oompononls  shall,  bo  salisfaolory 
when  loflted  with  Hof.  8,  MO  tost  fluids,  Typos  I  and  III,  when  used  In  any 
sequence, 

11,9,0,  It  Halt  Water  lloeislanoo 

Tho  functioning  of  the  onglno  fuel  system  ahnll  not  bo  adversely  affootod=by 
tho  presence  or  salt  water  In  (ho  fuol  to  tho  extent  apoolflod  In  Hof,  8, 1,  it, 

0,8,0,18  Puol  Heoiroulntlon 

The  reolroulnUon  system  shall  romnln  offoollvo  throughout  tho  descent  with 
tho  oolooioi’  levor  lit  tlio  dosoont  position  and  Iho  power  lovor  ul  idlo,  At 
power  soilings  above  approximately  18  poroont  of  ma  dmum  nonnugmonled 
lliruel,  reolroulallon  will  automnilonlly  out  off,  Although  tho  onglno  system  Is 
vurrontly  designed  to  oporalo  by  positioning  oMlto  soloolor  lovor,  If  future 
alroriift  route  planning  Indicates  that  nji  nulomnllo  tomporaturo  sousing 
system  Is  necessary,  the  design  of  suoh  will  bo  negotiated, 
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.i.a.jo  hlnglne  Uibrlenllng  Hyslem 

The  iubrlonllng  system  shall  use  engine  oil  per  Hef,  9.9,6  and  shall  ndoquMOly 
lubrionle  (lvo  engine  throughout  lie  operating  range.  The  complete  oil  system 
shall  bo  engine  mounted,  lnoludlng  oil  reservoir  find  fuel  oil  coolers,  and  slmll 
be  furnished  ns  component  parte  of  the  engine  lubricating  system,  The  fuel 
oil  coolers  shnll  bo  adommlo  to  meet  the  complete  find  total  engine  oil  uoollng 
venulroment  throughout  Iho  operating  range  of  the  engine, 

I*  iw&ilrir*  2t  1  # 

iT.  9,10,8  Drive  fiplino  Uibrloatlon  ,,  t 

All  spline  surfaces  on  the  engine  which  are  onpablo  of  transmitting  more  than 
Mhp  shall  bo  pressure  lubricated  by  the  main  engine  lubricating  system 
except  for  the  lube  and  sonvongo  pump  which  Is  welted  by  circulated  oil, 

11,9,10,11  oil  Quantity  ,  , 

't'ho  oil  resoiwolr  shall  contain  usable  oil  sufficient  for  a  minimum  of  10  hr  of 
engine  operation  at  the  maximum  allowable  consumption  rate  given  In  Par, 

11,9,  to,  ft,  i ,  The  reservoir  shall  be.provldod  with  a  \  bolt  flange  per  the 
Installation  drawing  for  installation  of  a  transmitter  for  a  remote  Indicating  oil 
quantity  system,  The  reservoir  shall  bo  of  fireproof  oonstruotlon. 

6,9,10,11,1  oil  Oonsumnllon  1A  „ 

The  engine  oil  consumption  shall  not  exceed  8,0 -llrper  hour,  Tins  maximum 
value  applies  to  Urn  engine  thrust  range  from  Idle  to  maximum  eonlinuous 
thrust, 

15,2,10,4  011  Pilling 

The  basic  engine  shall  be  furnished  with  a  pressure  fill  system  and  gravity 
fill  port  with  a  dipstick  for  oheoking  oil  level,  The  fill  ports  shall  »e  In 
aooordaneo  with  Par,  6,1, 14, 1, 

0,9,10,6  oil  Pressure  M  ,  .  .  ,  .  M 

Provisions  shall  be  made  for  Installing  8  Boeing-furnished  oil  pressure 
transmitters,  one  of  which  will  be  designed  to  Indloato  system  pressure  and 
Iho  other  to  measure  the  pressure  drop  across  the  oil  filter, 

6,8, 10,0  oil  Temperature  ,  ,  ,  ,  „  , 

Provisions  shall  bo  made  for  Installing  a  Bocdng-furnlshed  oil.  temperature 
transmitter, 

6,8,10,7  011  Filter  ,  t  ,  „  ..  . 

Tho  basic  engine  shall  be  furnished  with  an  oil  filler  inoorpornllng  nn  Integral 
by  mss,  Tho  filler  shall  have  provisions  for  atlaohlng  instrumentation  lo 
determine  when  the  filler  is  (dogged  or  bypassed  in  auoordnnoo  with  Par, 

0 , 9 1 10 1 6 , 
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Then*  shall  ho  m  liquldlonkngo  from  any  pari  of  the  engine  except  of  drains 
pi'ovldoif-foi'  Hik  purpose,  Provisions  shall  bo  mink  fop  (iiiinninlkiiiliy 
clearing  Uu?  ynsnhuslten  01*000  of  combustible  flulds-nfler  01u.l1  fniao  slnrl 
nod  for  prsvanUng  excessive  nmounls  cf  combustible fluids  from  unloving 
I  Ik*  (mmhimlitmnrenn  after  shutdown,  wllhln  Iho  engine  oft  Undo  envelope  shown 
In  Pig,  5,  Provisions  shall  also  bo  made  for  clearing  a'l  vent  aruiiB  and  oilier 
poukolii  or  uompavlmeius  where  combustible  fluids  may  eel  loot  during  or 
subsequent  to  operation  of  iho  engine,  The  drain  Fiystum  slinll  bo  part  of  iho 
bank'  engine, 

3. 8.11. 8  Drain  Tank 

A  drain  lank  shall  be  provided  on  ilie  engine  to  collect  leakage  from  engine 
nuuossory  pad  drains  and  to  callout  Ilia  mol  dle«hftrgod  from  Iho  fuel  manifold 
and  uombustlon  ehambor  during  mart  nr  almldown,  Thu  tank  shall  have  a 
minimum  unpnully  for  one  normal,  shutdown  and  8  false  slnrls,  Porta  per 
AND  l(K)Ri)  shall  he  provided  for  both  overflow  and  void  uonnoollons,  The 
shape  and  location  of  the  timk  iuu!  sko  mul  lounfloiv  of  the  porls  Bluil)  be 
coordinated  with  Hoeing,  The  lank  shall  be  of  fireproof  eonslruollon, 

3,3,  U,ii  Drain  1'ljoolur 

An  ejuelor  slmli  bo  incorporated  Into  Iho  engine  to  discharge  the  eonleiUs 
of  the  drain  lank  lulu  the  unglue  exhaust  system.  A  port  shall  be  provided  on 
Iho  engine  for  euimoetlon  of  an  emergency  eowl  dralikllne  inlo  Urn  ojuelor 
ays ‘-'nil, 

3,3, 13  l'higlne  Wlootrionl  Hyslum 

3,8, 18,  l  External  Klestrloal  Power 

The  external  yluulrloa)  power  mquU'omQnij  shall  not  exooodi 

a,  ignition  17  amps  maximum  113  veils,  no 

HOP  Hr,}  slngio  phase 

I),  Anti-Iolng  Viilve  iM:/8  amps  115  volts ,  no 
Aeluntlon  40d  Ita,  single  phase 

8.3. 18 . 8  Ignition  System 

Tho  engine  ignition  system  shall  bo  defined  on  Iho  InslaUfttlun  drawing  par  Iho 
requirements  established  lit  (he  engine-model  npoolflontlon,  Hofs,  8,8,  l(i 
and  3,8,18, 

11,8,18,1)  Ignition  Proof 

All  oKlurnal  olootripnl  uomponenls  shall  be  explosion  proof  to  prevent 
Ignition  of  any  explosive  mixture  surrounding  Uio  eomponont, 
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Ill  U i  J y i  'I  tfonncclora  mid  tUihk* 

Willi  iho unglue  alnblllBod  ut  n  tomporaturo  of  ll  shall  ho  iiohhIWv  In 
unniuml  op  dlaounnoul  oloolrlonl  connoolura  nsul  In  JTIok  oloulvleid  (iiinductors, 
ii  y  noooaenry  for  void  (no  ronlniimniuto.  without  damage  In  (hose  Homy. 

il, a.  19 ,  fi  Hmurgency  Wloulrlunl  Itowur 

In  llio  event  of  losti  of  ontornnl  power  wlillo  In  operation,  Iho  engine  ylinll  ho 
blootrlcaUy  *olf-sufflolenl.  At  nil  online  spoons  at  nv  above  iillo,  the  englnu 
sluill  gonlJnno  In  operate  safely,  Hupursonle  Inlol  anlMelng,  Ignition  imd 
olhov  systems  not  critical  fnv  opovnllnn  nmy  be  Inoperative) 

11,9. 19.(1  Hleotrleal  mid  Hloolronle  Inlorforonoo 
No  olootrloal  ov  electronic  components  flluill  onueo  Interference  beyond  the 
limits  sptudflod  In  Figs,  H  through  !?,  The  uomponunla  ylinll  not  be  susuonllhlu 
to  Inlorforonoo  generated  by  olhov  eloulrlunl  nml  oleolvonlo  uouruos  wltliln  (lie 
llmlln  specified  In  Tnblo  Vil. 


Table  VII,  Slwirleal  Inlerferenee  Limits 


Antenna 

Prequoncy  llnngo 

Vollngu(B) 

(Jonduoted  Jnlov- 
foronoo 

Radiated  Inlor¬ 
foronoo 

" 

(rf)  n,  in  lo  I,ooo  Mila  (1)  (ll) 

(a!)  no  to  in,  ooo  i(k  (9) 

(4)*u"  rod  o.  io  to  an  Mila  (D) 
llh  Mil/,  dilpole  95  lo  115  Ml  Ik  (ll) 
tuned  dipole  1)5  lo  l.onn  miIk  (0) 

O.J 

ll.n 

O.J. 
o,  i 

0,1 

NoTI'lfh  (1)  Applienhlo  only  lo  ungrounded  lino  volt  ago  power  Input  points . 

(9/  Applienhlo  only  lo  ungrounded  do  lino  voltage  p  ?  input  points, 

(il)  Modulated  no  percent  at  <ino  to  l,  non  eyolea  or  nn>  ^eolal  form 
of  modulation  to  which  the  oqutpmont  Js  vulnerable 

(-1)  Antenna  plapcd  .1  ft  from  oloulvhnil  ov  olootronlo  components, 

(fi)  Value  of  open-civoult  voltage  from  fio«olnn  soureo  linpodmioo. 

l), 9, 19,7  dhovi  Duration  Interference 

The  limits  of  Figs,  III  and  17  five  Intended  lo  apply  at  nil  limes  lo  elootrlaal 
ov  oleetvonlo  Homy  onpable  of  Renovating  broad -band  eloQlro-magnella  Inter- 
ferenoo.  However,  If  CU'I  consldera  a deviation  is  noaoeenry  or  deslrnblo  for 
velnUvo  short  duration,  Infroquonl,  bitovfovenoy  levels,  (for  example,  onoe 
pov  flight)  dooumenlod  ovldenae  flluill  bo  submitted  to  Hoeing  lo-support  suoh 
n  renueeli 


PIICQUCNOV  (MO) 

Plgm  Mi  Hfnm  Hand  (GW)  Gondueftd  InlttUtmn Lmlls  Using  StaldlhiatlGn  Hmwofk 


Dooumentnllon  should  ho  spoolflo  ns  to  tho ■•time  ofooourronoe  oncl -duvailon  of 
deviations  from  tho  levole  of  Figs,  15  mul  J7  ns  well  os  (holv  magnitude, 

Boeing  evaluation  of  tho  (.aohnM  evidence  submitted  will  not  norm  It  deviations 
over  80  dh  nliovo  (ho  limits  of  Figs,  IB  nml  17  for  short  duration  Inlorferenao, 

!U,30  Fnglno  AnU-Iulng 

Tho  engine  shall  operate  saUsfnQtorily:  under  tho  loing  conditions  specified  in 
Ms,  8, 1, 0  and  8,1, 1),  Wliiohevor  requirement  la  the  move  severe  will  bo  tho 
design  erlloria, 

0,8,10,3.  Type  otFnglae  Anti-loins 

'Hie  antPMng.  system  operation  will  bo  accomplished  by  manual  uoluatlon  of 
u  switch  on  I  ho  flight  deek  that  will  netivalo  tho  itiiU-loIug  shutoff  vnlvo  mounted 
on  the  engine,  A  flow  sensor  shall  bo  provided  by  Oil  to  be  oonr.ooted  to  an 
indicator  light  on  the  flight  deok  to  indloals  system  "on, "  A  boss  shall  be 
provided  by  OF  In  tho  antl-loing  duot  for  installation  of  rBoolng- furnished 
temperature  sensor, 


0@AIO(8M 


n 


'  '  '  >  h 


i  t  ■  *  h 


PRAK  RCAOINO 


nmiQURNOY(MO) 

Plgm  I5>  Pmd  Sand  and  Pulwl  (CW)  Conduated  Inlprfmim  Limits  UsIngJlabll/iallon  H*lmtk 
0i9 1-14  Mnglno  iiniU  RojooUon  niul  Qooliog 

The  engine  Ml  be  capable  of  continuous  onemilon  nl  ike  ambient/  conditions 
shown  in  .Fig,  J.  nUlifl  maximum  augimmtnUon  for  thoMnoh  numbers  anti 
aliltudas  shown- on  Fi($i  n, 

Any  secondary  niv-sy&tem  required for  uokkIo,  engine  easgj  mut/or  compart* 
mom  oooHngrohnll  bo  iho  responsibility  of  (313  and.  aha  11  bo  supplied  ns  mm 
of  (hs-bnolo  engine  assembly,  except  provisions  fop  on  nuKilird\y  secondary 
”  uliof  If  V  .  .  ' 


air  door  and  nheelie  pressure  relief  lx  required  shall  bo  furnished  by  Booing, 
il.JS*  M.  1  Hocoiuiai'y  Air  Control  Valve 

A  valve(s)  shall  bo  provldodto  control  (ho  flow  of  sooondary  air,  A  traosmiMor 
shall  be  provided  to  remotely  Indicate  iho  position  of  iho  secondary  air  valvofs), 

0,8,18  hinging  Instrumentation 

The  following  minimum  Umfrumentagton  is  required  for  airplane  operation! 
e.  Tnohomotor  ganara.tor  (hoc  ’Per,  0,8, 0,8) 
b,  hlxhaustgas  temporaturo  {soe  Par,  0,^,7,  fi) 
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AGIO  INTENSITY 


JUSTE!)  TQ  3 


FREQUENCY  (MO) 

Plf/ure  16,  Naww  Snml(CW)  h'ao'latwl  InitihrMG*  Limits 

o,  Free  stroma  ambient pressure  (m  Par,  a. 8.10) 

(l,  tiJihOUSt  nOKKl§  Stntlo  pressure  (b‘6&  POP.  0 . 8 .  J 0 .  JS) 
o,  Novels  (iron  (so©  Pot*,  0.8. 10. 0) 

f,  -mi  'temperature*  (soo  Par,  0, 8:.  0. 0) 

g,  Fuel  flow  (Mine  +  A/13)  (noe  Pius  0*8. 0,  B) 

It,  OU  premium  (engine)  {oeo  Par.  0.8. 10 .0) 

i,  Q|1  temperature  (oeo  Par.  0-. 8. 10.-0) 

j,  Vlivtisl  revorner  position  swltoliee  (000  Par,  0,8. 7. 8) 

k,  oil-preesuro  (oil  filler  A  P)  {m§  Pur,  8.8.10.0) 

l,  windmill  bunko  position  IwUonlor  ewlloh .(gee  Pop.  0.8,80.1) 

m,  -Low  oil  pressure  warning  switoh -(see  Pais  a, 8,10, 5) 

08AI«1P8»! 


PHgQUGNOY  (MO) 

Plgm  If,  §»(»(/  Band  ami  Pulsed  (GVt)'Raslltiifi/  Intmfmm  Units 


n,  vibration  (oomp,  and  turbine)  (m  Pm*.  0,8,81,1) 

o,  oil  owmuty  [m  Par.  o,M.<lo) 

pt  BceoiulRpy  air  valve -position-  tern  Par,  ft, 8, 14, 1) 
q.  Load  oellforee  indicator  {ee«  Pm*-,  ft, 8, 16,4) 
i',  iiSnglna  nnli-Jolittf  system  imlloation  (eee  Vm  ft,  8, 18,1} 
fc,  Turbine  eooling  rdi’fiow  nuUoaUoit  (gsaPar,  o,8,B,ts.A) 

0, 8 , 10  Unglue  Tlirnal  Indication 

Ambient  iotflt  prossura*  onpino  eahnugl  etasio  pressure,  primary  norale 
area  (see  Par.  0,8,10,0)  amlnot  axial  force  ah&U  lx?  used  to  provide  tael 
indlonUrm, 

0,8,10,8  Bxhnuat  KoKBlrtnfttie  Prarauro 

A  port  (AND  10000*4)  on  Iho  engine  glintl  provide  a  ecmrao  for  asnoiitg  engine 
exlmuel  noplo  sinUe  pressure,  Tim  pressure  gourea  shell  be  naourntd- within 
ikO,  n  percent?  for  power  nettings  upto  Maximum  drymiml  taut. 


08AIS!88«I 


lii8.IB.ii  Priffitim  Ni^vle  A  reft 

A  linofli*  vevlnbjp  ««»•  »■«•••«*!  Uo^formtsi?  (f,Vt)T|  shall  Ijo  provided  on  the 
uimiiiu  whluU- will  *»>, w..-  i  I'ninry  nogifilu  area  wltliln  8  parttoui  at  inky 

ofr  powiliioiii 

ft, 8,  1(1,4  Faroe  indiioiiot* 

The  Dneti?g»ftu'niftlH»l  1t<mi  -  «*u  vvitj  {«_•  jutimliod  UHhe  engine  by  using  ilia 
irtounllitg  provlBloDH  aii««* «» t»»  i>..  y. 

n.y,  17  llltlglJie  HWlftfilg 

H.B47.J  Torque 

The  maximum  and  minimum  marling  torques  vermis  rpm  wh/dl  bo  Inoludad 
In  ilio  engine  model  speelfUinthm.  The  maximum  marling  torque  at  thci  JPTO 
pad  shall  not  QKoaod  I  two  fttb, 

n. y.  17.8  -HinrUng Time 

Thu  time  luQuIrud  lo  fllnrt  nn  \«iiln3toLlcitI  engine  shall  bo  ho  innmu-  Hum  no 
sou  r»t  standard’ sea  level  eondlUons, 

ft.  8. 17.8,  i  Restarting  Time 

TIus  maximum  required time  between  ground  starting  attempts  m  d4ormined 
by  engine  UmMldiirtall  bo  nr)  au«. 

a- 8 , 17 .  ft  HiiU'Ung  finvalopo 

Tim  engine  shiill  start  ooiisIniotiUy  alnny  point  wiUdnlho  engine  operating 
envelope  defined  In- Fig,  8. 

11,8.  if,  4  Oold-NCRitlHg 

The  oiiKiiie  alinU  atari  ooisslstonUy  in  ttft^yo  Immediately  .following  18  hr  aonhs 
ni  »50aF.  Poe  Par,  fl,  1,0  for  fuel  and  lube  oil  limitation. 

lU.u*  Idla 

On  the  ground,  under  standard  uonditlons,  up  ioij,fittG4  altitude  with  dig 
powov  lover  in  tlio  low  idle  position,  the  eatimnloiuhrust  alntlHioFexuiied 
8,  ioft  lb  jior  engin&v/iUi  a  SOB  lip  load  at  ibu  PTGpad,  a  rot  ol  of  OR  dip  at  ilio 
inlet  hydrmtl.la  pump  pads,  nnnir  bleed  of  B.MMmhi,  and: aft  poreenl  rum 
reoovory  id  Uiu  inlet, 

11,3,  it)  Kiigino  Mv  Imiupfloit Jyntem 

i), 84.fi.  J  WaBiltty 

tinder  steady-slate  operating  oondUlonH,  witliin -the  ruling  limits  daf&ori 
in  Fig,  n,  or  Nile  document,  nnglno  ilinwt  QxuUlftiM  iMwosiiidlaonchiiaxImuni 
dry  thrust  oimll  net  exoned  *0,80  percent  si  maximum,  dry  Ihru&tnt  idle  power 
setting,  luorcaaing  linearly  to  *L,  (i  pevoont  or  maximum  dry  thrust  at  maximum 
dry  power  netting,  Paring  after  Imruer  operation,  ill,?  thrum  variation  shall 
•not  eaoeod  »hi -paroont  of  trio  normal  thrust  level  forihaUpoeifio  power  selling, 

Tim  engine  shall  oonUnne  to  opoinito  getts/aulorily  in  spite  of  any  single 
fiUBorsonlo  -Intel  ediitrol  falluro  wliUlR  tTio ••allowable ongipa  fimdls  per  Pore, 
11,840,  8  mid  li,  841),  fi, 


Ui*|5|gtt*U 


During  tdenibrstnlu  upending  conditions  of  tlm  nlrurnfi  svllli  11  steady  power 
demand  in  th«  engine  wlihin  tiio  operating  IlmllN  defined  In  fig,  ii  uf  lids 
douuiiwnii  Urn  iilrflow  vnrliilion  or  oeuilUillun  nllrlliulnblo  Ui  any  engine  shall 
be  limited  tu-tlio  values  shown  belowi 

JtUii'h  Nmuijiu'  Nnglnojmworjioi  ung  Altt'lpwjnulfti  Iol 

(i  in  l ,  fl  Hpoeds  nl  oi'  above  (mb'  l'prn  *[% 

1,  Ci  to  Man,  Hpoods  (it  in'  above  08'.?.  rpm  it  1/8% 

The  maximum  airflow  variation  apnn,  oonsiderlng  nil  engines,  shall  not 
exceed *8  percent lor  given  operating  eondltlons. 


11,8.10,8  Burge 

Thu  engine  mid  inlet  systoin  shall  be  designed  with  the  objective  of  preventing 
engine  surges,  However,  llm  engine  shrill  bo  capable  of  wUhaliuulIng 
ooomiionnl  surges  without  roeohnnlonl  damage, 


ll<3,  .10,1)  Engine  Inlet  Distortion  Overlap 

In  order  lo  nunlmlKo  tho  problem  of  Inlcl/englno  compatibility,  nomo  levels 
of  distortion  overlap  will  ho  provided  for  (lie  engine  and  inlet.  The  categories 
of  distortion  are  defined  na  follows 


l.)igloillon.J, evuli 

n,  Bloody  stole  - 
eonllnuous  opera 
Hon 


IfUghlHojlillo)! 

Hubsonlu  cruise 
Huporaonio  cruise 


No  porformnnoo  Iona  or 
decrease  in  englno  life 


Ii,  Time  limited  - 
normal  Irons  Ionia 


o,  Emergency 
ewmslentfl 
(time  limit  -  id 
ace) 


Aircraft  nwolorn* 
lion  and  decolors- 
lion,  maneuvers, 
power  transients, 
goats,  oUi, 

Unsioris,  restarts, 
eontrol  fall  urea, 
inlet  failures,  Inlol 
liUSWi 


No  alall,  suvgo  or 
flamaout,  dome  per¬ 
formance  loaa  may 
result, 


No  meohanloal  damage 


Tim  Rllowablo-dlslortlon  levels  for  the  Inlet  and  engine  are  as  follows i 

Inlet  Allowable  Engine  Allowable  Design 

JMPiiioMmyeJL  lieiPMoiLlOL  Mtim*. 


(  i)  Bloody  male 
(8)  Transients 
(8)  Emergency 


0i 

Ml 

Any  Level 


10% 


Any  Level 


0^  This  provides  a  ia  poreent  nargln  wltli  ryeswot  to 
normal'  eruts^ocndlKons , 


8% 

engine  slnH  for 
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The  tmghm  shall  ho  onpnblu  of  withstanding  without  meehiHuenl  damage 
iH8lfmt§n«eus  degrease  InlnleUotrd  premmru  of  iioj) i*onl m ft 00  percent 
In  I  /Hi)  of  0  second,  followod  hy  ii  A'uliu'iv  within  ft  flee  to  n  aUihlUmul  flow, 

Thu  unatarling  ni  (ho  slnblliKod  flow  uondiUon  slmll  bo  within  limits  iwi* 
condition  (b)  above, 

li, ft,  1.0, <l  Hngbro  Variations  Alfeellno  hdei  IWormaiu'u 

During  miii'tliii!  and  for -engine  speeds  bolow  (die,  Ilia  instantaneous  vide  of 

change  of  engine  airflow  la  not  orltlenl  • 

During  oubaonlo  flight  (M  <  l)  at  power  aottlnge  above  idle,  the  rnio  of  ehango 
of.  engine  airflow  during  nueelerallon,  deceleration,  fmginsnior  lightoff  and 
shutdown  shall  in*  n§  estimated  by  the  Pynasnr  (look, 

During  supersonic  flight  (M  ?D,  engine  airflow  ohanps  during  engine 
aootdendlon,  decoloration,  augmentor  llghtoff  and  shutdown  slmll  bo  as 
osllntatud  by  the  Oynasur  (look, 

Airflow  variations  for stuncty  ninio  conditions  are  defined  In  Pari  M..UU. 

A  meihothtiiitfi  be  provided  in  the  engine  for  matching  the  a  toady  mate  airflow 
of  Iho  inlet  nni  gnglfia  at  evulse  oom Itton -wftlbUio  Inlet-bypass  doom -olosed. 
Tho  ayaiom  shall’ be  ennoble  of  mule  dug  the  Inlet  and  engine  will)  a  resulting 
Inlet  stability margtn.of  kporoenkprpsuru  recovery, 

Tho  engine  ease  forward  of  Urn  first  rotor  stage  shall  be  considered  pnrl  of 
(ho  subsonic  diffuser  seellon  of  the  supersonic  Intel,  All  vsiuom,  struts,  slots 
and  doors  loeated  In  this  seellon  shaft-bo  closely  coordinated  with  Hoeing  In 
order  to  effeot  (ho  optimum  ouglno/mlet  compatibility, 

Tho  supersonic!  inlet  shall  uonllnuo  to  operate  putlafuelorUy  In  spile  of  a 
single  Failure  wllhlrt  the  ongltio, 

ft, ft.  ID, ft  Thrust  Transients 

The  transient  ohnraoiorlbilOB  QNja  engine  shall  bo  compatible  with  oil 
operating  requirements,  During Ttio  imeeU on  of  power  Uivor  positions  in 
any  sequtmue  at  any  rato,  freedom  from  objectionable  overturned,  over- 
tomperaluro,  combustion  InsinbUUy,  combust  Ion  extinction,  and  eomprossor 
instability  shall  be  maintained.  For  rapid  power  lover  movements  (l  see  or 
loss),  tho  lime  required  to  aooompUsh  lift  percent  of  tho  thrust  ohnngo  safely 
ahull  not  oxooed  tho  values  spool  fled  below,  The  total  time  inquired  to 
accomplish  tho  speelfled  transients  slmll  not  exceed  twine  tho  time  specified 
lor  Oft  percent  of  the  thrust  ehanp,  The  thrust  transients  shall  be  considered 
neoompllahod  when  die  not  Jet  thruet  ls  malntalned  wUidnitftJ  percent  of  (ho 
final  value,  All  transients  speelfled  are  based  on  standard  conditions,  u,Uh 
loading  of  aoeesnory  drives  and  compressor  blond  flow  as  shown  in  the  uble 
below  and  using. the  exhaust  system  an  defined  for  the  aircraft  Installation, 


4fl 


ri@AI0!BR«l 


0,9, so  atoiping 

Normal  sloping  of  (he  engine  shall  bo  asoompllshed  by  the  use  of  the 
selector  vn  vo  lover  with  the  lower  level1  In  the  Idle  position.  It  shnll  be 
possible  to  shutoff  the  fuel  su  iply  nl  nny  engine  operating  condition  by  the 
selector  valve  lever  without  tnmnge  to  the  engine. 

I). 8.90.X  WlndmlUlng 

The  engine  shnll  be  equipped  with  n  windmill  broke  to  reduce  the  engine  rpm 
to  no  more  Hum  80-peroent  when  the  engine  is  shutdown  nt  nirplane  cruise 
conditions  (Mn  -  8.7,  00,000  ft  Altitude).  The  noluntor  sluili  be  oontrolled 
by  llie  selector  vnlve  In  the  aoohpll,  No  dnmnge  to  Ike  engine  shnll  result  when 
Hie  windmill  brake  ie  applied  by  the  normal  controls  at  nny  engine  operating 
condition,  In  the  event  of  actuator  failure,  the  brake  shall  remain  In  the 
position  occupied  at  the  time  of  failure,  A  transmitter  shall  be  provided  to 
remotely  indiaale  the  opened  and  clotted  position  of  the  engine  brake, 

0,8.81  Unglue  Vibration 

The  engine  shall  he  designed  and  constructed  to  function  throughout  its  normal 
operating  range  of  rotational  speeds  and  engine  powers  without  Inducing 
excessive  atross  in  any  of  the  engine  parts  because  oi  vibration, 

The  engine  unbalance,  at  cruise  rpm,  shall  not  be  greater  than  to  oause  a 
maximum  of  <1  mils  double  amplitude  displacement  of  engine  oase  at  each 
bearing  support  as  measured  on  GM's  test  stand  prior  to  shipment,  The  engine 


DSAIOI9f.NI 


oonnoullon  points  tor  power  control  tuui  solot»lor  valve  nllnehmenis  shall  nol 
oxoood  dlsplnoomenl  of  4  mils  double  mnpllludo  duo  la  engine  unbnlunoo, 


tj.a.ai .  i  Vibration  Sensor  „  ,  .  , ,  ,  „  ,, 

Provisions  shall  bo  mnda  tor  Installing  l  wo  Hoolna-fui'nlohod  vlbrnllon 
trnnsduuori  (one  nl  (ho  oomprussor  ohho  nnd  nnoiitoi*  ul  tlio  lurblno  unoo), 

II,  a,  89  Unpins  ltorotgn  objoel  Ingestion _  qiKii'iialaflaltoii 
Tho  onglno  simil  uontmuo  In  opornlo  snllsfautorlly  until  ibu  nlrurnfl  cmiDo 
Imulod  nnd  deliver  no  loan  Hum  7fi  poroenl  nf  Ihu  ilu'ust  tor  any  given  pawin' 
suiting  nflor  ooourronou  of  nny  af  tho  following  uoiulttlons,  oKoludlng  Pur, 
9,8,88, n,  while  being  opornlod  nl  maximum  non-nuumeiUud  power, 


InoroBilnny  ul  n 
tolluru, 

u,  A  lalfil  or  00  haitotonos-l'rom  i)/4  to  J-l/o  in,  In  illnmolur  nl  n  rulo 
of  l/toln, 

1),  A  loinl  of  so  large  bedstones  (loo  halts)  from  8, n  to  n.n  in,  m 
diameter  nl  n  rule  of  I /min, 


11,0,80, 1  I  toll  fngosllon  , 

Tim  engine  shall  ho  designed  lo  withstand  tho  following 
relative  veloully  of  1)70  lui  without  inuurrlng  iiruuluvnl 


11,8,88,8  too  Hlnb  Ingestion 
Ingestion  of  on  too  slab-8  In,  llilok  by 


fi  x  fl  In,  nl  n  relnllvo  volooily  of  loo  lot. 


11,8,89,11  Bird  Ingestion 

Tim  onglno  shall  onjHlnuo  lo  operate  nnllnfuolorlly  lor  n  minimum  of  l  hr 
mul  deliver  no  Ions  limn  on  poroonl  of  Inkeoff  threat  after  Ingesting  up  lo  (i  lb 
of  birds  In  0,8(1  see, 


11,9,88,4  llnln  Ingestion 

Tho  onglno  slmli  slnrl  nnd/or  oontlnuo  temperate  snUstootorlly  durlnga 
sovoro  ruin  storm,  (0  In,  of  ruin  or  0,  005  lb  wnler  per  lb  of  nlr)  Ihnl  nmy  bo 
onoounlorod  either  on  tho  ground  or  In  subsonlo  flight, 

11,9,911  Unglue  Fire  Protection  Provisions 

Tho  onglno  exhaust  sootion  shrill  bo  Isolated  from  Urn  nuoossqry  flootlpn  with 
n  olroumforoullnl  flvmynil  bulkhond,  Tho  upper  quadrant  of  tho  exterior  anno 
of  tho  oxhnusl  sootion  nft  of  tho  bulldmnd,  slmli  provide  tho  funotlons  of  n 
firownll  tor  engine /airframe  Isolation  ns  shown  In  Fig,  7, 
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4,  UUAMMGA'MON  Hl'iQUIIUlMl'iNTH 

4. 1  OMUTlPiaATION  AH!)  IlNMONNTllATinN  WKt?WUHMHNTH 

4.1.1  (loneral 

tlenerai  Nlootriu's  tests  required  u>  prove  luimiilliiiHiu  wlUi  nil  remiiromonls 
of  this  Hpooifloullim,  shall  he  eonduoled  m  specified  herein  and  imdltlonnlly 
m  ilotoi'minud  to  be  nuoessnry  by  mutual  ngreemeni,  J)utn  from  those  tests 
slmll  bo  made  nvnllnblu  to  Booing, 

Booing  nnd  n«  personnel  shull  bo  given  oil  reasonable  iiooohh  to  tmoh  other's 
(nollilloa  nnd  lest  procedures  used  to  determine  conformance  with  this  spoolflun 
lion,  inul  the  Muglne  Model  HpoolflaMlIon, 

Por  the  purpose  of  this  document,  performance  definitions  lire  as  follows 

a,  (lunrnntoed  performance  Is  (he  level  of  performance  described  in 
(leneral  Mlootrlc'a  model  speed I'loalfon  per  Par,  8,8,14, 

b,  list  limited  performanoe  Is  the  perlormnnao  onlotualod  by  the  customer 
deoli  supplied  by  do  (oral  NIoatrle  per  Par,  (l,  1,1, is,  and  Is  consistent  with 
guaranteed  performanoe, 

o,  inslnlled  performanoe  Is  the  measured  Inflight  performanoe  of  the 
aircraft  Installed  engine  which  demonstrates  flight  performanoe, 

4, 1,8  PTH  Gerllflnatlon  Uequlroments  (Phase  111) 

(leneral  lileolrlo  ahull  compile  a  document  dosur thing  In  dotall  the  Plight  Tost 
Hiatus  (PTH)  certification  requlvemonis  and  coordinate  with  Hoeing  prior  to 
PA  A  approval,  In  Urn  event  Iho  PTH  oortlfloaUon  plan  Is  not  acceptable  lo 
Boeing  In  the  areas  related  to  euglne/iUrtTnme  inlerfaoe,  Ol«;  and  Boeing 
will  agree  on  a  revised  plan  for  submittal  (o  the  PAA, 

It  shall  lie  tip's  responsibility  to  conduct  tests  to  satisfy  the  PTH  certification 
requirements,  Boeing  shall  hove  the  option  to  witness  Urn  lesls,  A  summary 
of  the  PTH  test  results  nhnlMie  documented  by  (IN  and  transmitted  to  Boeing 
prior  to  first  flight  of  the  prototype  IP  8707  airplane, 

To  be  assured  that  the  PTH  engines  will  complete  the  ino-Ilour  Plight  Test 
Nvaluailon  Program,  It  shall  lie  UN's  objective)  subject  to  PAA  oonourrenoR) 
to  provide  PTH  engines  which  are  capable  of  completing  a  minimum  of  too 
flight  hours  under  normal  operation  conditions  without  premature  engine 
removal  for  Inspection)  modification)  or  major  maintenance, 

ft  shall  bo  (IP's  objective  to  develop  a  no  min  max  augmentation  rating  of  Type 
aertlflontlon  level,  subject  io  PAA  concurrence,  for  purposes  of  special 
aircraft,  demonstrations, 
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4. 1. 3  Type  Certification  Requirements  (Phases  IV  and  V) 

It  shall  be  General  Electric's  responsibility  to  conduct  engine  tests  to  satisfy 
the  FAA  Engine  Type  Certification  requirements. 

The  FAA,  in  conjunction  with  GE,  airframe  manufacturer  and  airlines  shall 
establish  the  Type  Certification  requirements.  In  establishing  these  require¬ 
ments,  consideration  should  be  given  to  performing  endurance  testing  under 
the  simulated  operational  environment  of  the  B-2707  aircraft.  This  simulated 
operational  environment  should  include  inlet  temperature,  pressure  recovery 
and  airflow  distortion.  In  any  event,  these  requirements  should  include 
sufficient  testing  at  sustained  severity  levels  to  ensure  that  the  engine  is 
capable  of  safe  operation  in  commercial  supersonic  aircraft. 

General  Electric  shall  compile  a  document,  describing  in  detail  the  Type 
Certification  requirements  and  transmit  to  Boeing  for  concurrence. 

If  the  Model  B-270'i  (GE)  aircraft  is  required  to  have  engines  with  British 
Air  Registration  Board  (ARB)  certification,  GE  will  furnish  Boeing  the 
assistance  prescribed  in  the  Systems  Responsibility  Agreement  to  obtain  such 
certification. 

4. 1. 4  Guaranteed  Performance  Demonstration  Requirements 
Demonstration  tests  to  show  compliance  with  the  ground  and  flight  perform¬ 
ance  guarantees  of  the  engines  specified  in  Table  I  will  be  performed  in  a 
mutually  agreeable  testing  laboratory  having  the  capability  of  sea  level  static 
calibration  and  simulated  subsonic  and  supersonic  flight  environment  at 
altitude.  The  installed  performance  of  the  engine  shall  subsequently  be 
demonstrated  by  flight  test  measurements  in  the  Model  B-2707  (GE)  airplane. 

It  is  therefore  implicit  that  Boeing  and  GE  work  together  and  mutually  agree 
on  the  planning  of,  execution  of,  and  analysis  of  the  results  from  the  "round 
laboratory,  simulated  altitude  laboratory  and  airplane  flight  tes,s.  The 
parties  agree  to  work  together  to  establish  mutually  acceptable  procedures 
and  criteria  for  accomplishing  the  objective  set  forth  in  the  preceding  sentence. 

The  primary  responsibility  for  obtaining  facilities,  conducting  the  tests,  and 
analyzing  the  data  for  the  sea  level  static  guaranteed  performance  demon¬ 
strations  and  simulated  altitude  guaranteed  performance  demonstrations 
shall  be  GE's. 

The  primary  responsibility  for  obtaining  facilities,  conducting  the  test,  and 
analyzing  the  data  for  the  installed  engine  performance  demonstrations  shall 
be  Boeing's. 

4.2  ENGINE/AIRFRAME  STATIC  PERFORMANCE  CALIBRATION  REQUIRE¬ 
MENTS  (Phase  IU) 

4. 2. 1  General 

The  test  hardware  and  calibration  testing  required  for  the  static  demonstration 
of  the  specified  engine  performance  are  defined  in  the  following  paragraphs. 


4. 2.  2  Test  Hardware 

General  Electric  shall  provide  a  reference  bellmouth  inlet  for  static  cali¬ 
bration  of  the  engine.  General  Electric  shall  fabricate  a  minimum  of  two 
bellmouth  inlets  of  identical  design,  one  to  be  sent  to  Boeing  for  Boeing- 
conducted  calibration  testing  and  the  other  to  be  retained  by  GE. 

Boeing  will  require  the  support  of  GE  to  supply  certain  items  of  instrumentation 
and  make  provisions  for  others  that  are  internal  to  the  engine  or  require 
modification  to  the  engine  configuration.  General  Electric  and  Boeing  shall 
coordinate  these  requirements  early  in  the  design  phase.  General  Electric 
shall  supply  the  mutually  agreed  upon  instrumentation  and  provisions  on  the 
ground  and  flight  test  engines.  The  engines  shall  be  tested  and  the  instru¬ 
mentation  calibrated  in  GE's  test  facility  prior  to  shipment  to  Boeing.  The 
testing  to  be  accomplished  and  basic  instrumentation  requirements  shall  be 
by  mutual  agreement. 

To  be  assured  that  the  results  of  ground,  simulated  altitude  and  flight  testing 
are  consistent,  it  shall  be  a  requirement  that  the  instrumentation  also  be 
consistent  for  all  test  phases.  The  instrumentation  to  be  used  for  all  perform¬ 
ance  demonstration  tests  shall  be  mutually  agreed  upon.  General  Electric 
will  provide  engineering  coverage  on  tests  to  assure  uniform  interpretation  of 
data. 


4. 2. 3  Engine  Ground  Rig  Performance  Calibration  Testing 

4. 2. 3.1  General 

Boeing  will  use  the  reference  bellmouth  inlet  and  a  calibrated  engine  to 
calibrate  Boeing's  test  facility.  The  static  installed  performance  of  the 
engine  will  be  determined  using  both  the  reference  bellmouth  and  Boeing 
production  flight  inlet  during  ground  rig  engine  calibration  of  the  FTS  Engine. 
This  will  provide  the  incremental  difference  in  the  engine  performance  be¬ 
tween  the  reference  bellmouth  and  production  inlet. 

General  Electric  shall  conduct  performance  calibrations  of  flight  performance 
demonstration  engines  in  a  GE  test  facility  using  the  reference  bellmouth. 

This  calibration  shall  include  measurement  of  total  inlet  mass  flow  and 
determination  of  primary  and  secondary  mass  flows  on  one  engine.  The  range 
of  simulated  flight  conditions  to  be  mutually  agreed  upon. 

4.3  GUARANTEED  ENGINE  PERFORMANCE  AND  OPERATIONAL 
DEMONSTRATIONS  (Phases  m  and  IV  or  V) 

4. 3. 1  General 

General  Electric  shall  compile  a  document  describing  in  detail,  for  the  sea 
level  static  guaranteed  performance  demonstration  and  for  the  altitude 
guaranteed  performance  demonstration  in  the  simulated  altitude  facility, 
calibration  procedures,  instrumentation  systems  and  accuracies,  data  re¬ 
duction  methods,  and  calculation  procedures  used  in  data  analysis  for  trans¬ 
mittal  to  Boeing  prior  to  guarantee  demonstration.  In  addition  to  the  above 
document,  GE  shall  supply  to  Boeing,  engine  performance  prediction,  data 
reduction  and  data  analysis  computer  decks  which  will  be  compatible  with  the 
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IBM  7094  computer.  These  computer  decks  shall  be  updated  periodically  by 
GE  as  additional  information  from  test  results  becomes  available  or  improved 
instrumentation  and  data  analysis  techniques  are  developed. 

4. 3. 1. 2  Demonstration  Tests 

The  tests  conducted  to  demonstrate  guaranteed  performance  shall  include  the 
tests  outlined  below.  The  objectives  of  these  tests  are  as  follows: 

a.  Demonstrate  engine  performance  guarantees  as  shown  in  Table  I. 

b.  Provide  cnta  for  verification  and  updating  of  the  installed  engine 
performance  prediction  deck. 

Guaranteed  demonstration  results  will  be  documented  in  detail  by  GE  and 
transmitted  to  Boeing. 

4. 3. 1. 2.  i  Sea  Level  Tests 

The  sea  level  test  will  be  designed  to  demonstrate  engine  performance 
guarantees  and  operational  characteristics  by  performing,  as  a  minimum, 
the  tests  listed  below: 

a.  Steady-state  performance  demonstration  to  verify  the  specified 
performance  as  given  in  Table  I. 

b.  Thrust  reverser  operation. 

c.  Acceleration  and  deceleration  capability. 

d.  Inlet  distortion  tolerance. 

e.  Augmentor  operation. 

4. 3. 1. 2. 2  Simulated  Altitude  Tests 

The  simulated  altitude  tests  will  be  designed  to  demonstrate  engine  perform¬ 
ance  guarantees  and  operational  characteristics  by  performing,  as  a  minimum, 
the  tests  listed  below: 

a.  Steady-state  performance  demonstration  of  specified  altitude  perform¬ 
ance  guarantees  as  given  in  Table  I. 

b.  Explore  overall  engine  operating  envelope. 

c.  Explore  burner  and  afterburner  operating  envelopes. 

d.  Explore  air  start  envelope  (with  or  without  boost  pump). 

e.  Engine  windmilling,  windmill  brake  operation  and  locked  rotor  per¬ 
formance. 
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f.  Acceleration  and  deceleration  characteristics. 

g.  Met  total  pressure  and  total  temperature  transients. 

h.  Met  distortion  tolerance. 

4. 3. 1. 3  Test  Requirements 

The  Boeing  Company  in  conjunction  with  GE  shall  compile  a  document  describ¬ 
ing  in  detail  for  the  installed  performance  demonstration  on  the  Boeing  test 
airplane,  calibration  procedures,  instrumentation  systems  and  accuracies , 
data  reduction  methods  and  calculation  procedures  tsed  in  data  analysis  for 
transmittal  to  GE  prior  to  first  flight  of  the  Boeing  test  airplane. 

The  test  program  to  demonstrate  the  installed  performance  will  include  as  a 
minimum  all  of  the  tests  outlined  above.  Additional  tests  to  demonstrate  in¬ 
stalled  performance,  where  required,  will  be  mutually  agreed  upon  by  Boeing 
and  GE.  Boeing  shall  transmit  to  GE  a  detailed  summary  of  the  flight  test 
results. 

The  engine  performance  guarantees  shall  be  demonstrated  using  a  typical 
production  engine  or  a  prototype  engine  substantially  identical  thereto.  The 
measured  engine  performance  will  be  corrected  to  a  fuel  having  a  lower  heating 
value  of  18,400  btu/lb. 

4.3.2  Basic  Engine  Performance 

4. 3.2. 1  Sea  Level  Static  Performance  Demonstration  (Calibration  Stand) 

The  sea  level  static  performance  guarantees  listed  in  Table  I  shall  be  demon¬ 
strated  by  GE  using  the  reference  bellmouth  defined  in  Par.  4.2.2. 1.  This 
test  shall  be  conducted  in  a  suitable  test  facility.  Thrust  and  fuel  flow  shall 

be  measured  using  calibrated  instrumentation  covering  a  range  of  engine  thrust 
settings  from  idle  to  maximum  augmented  power.  Total  Met  airflow  shall  be 
measured  using  a  calibrated  bellmouth.  Tests  may  be  conducted  at  other  than 
stipulated  ambient  temperatures  and  pressures.  Performance  shall  be  cor¬ 
rected  to  specified  Table  I  conditions . 

4. 3. 2. 2  Simulated  Altitude  Performance  Demonstration 

The  demonstration  of  altitude  performance  guarantees  defined  in  Par  4. 3. 1. 2 
shall  be  conducted  by  GE  in  an  altitude  test  facility. 

For  cases  where  the  altitude  facility  is  not  capable  of  adequately  simulating 
nozzle  external  flow  or  discharge  static  pressure,  the  measured  thrust  will 
be  corrected  by  the  performance  prediction  deck  to  reflect  the  true  environ¬ 
ment.  These  corrections  will  make  use  of  full-scale  static  test  data  and 
nozzle  model  thrust  coefficient  test  data  in  a  previously  agreed  upon  mannor. 

The  demonstration  of  any  altitude  performance  points  which  exceed  the 
capability  of  the  laboratory  will  be  calculated  from  test  data  obtained  at  test 
conditions  which  lie  within  the  capability  of  the  laboratory. 
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4.3.3  Installed  Engine  Performance 

4. 3. 3. 1  Flight  Performance  Demonstration 

Boeing  shall  conduct  flight  tests  to  demonstrate  the  installed  engine  perform¬ 
ance  and  operation  over  the  airplane  flight  and  maneuver  envelopes .  Installed 
engine  performance  will  be  demonstrated  and  verified.  General  Electric  shall 
monitor  and  support  the  tests . 

The  performance  points  of  Table  I  shall  be  demonstrated  by  full-scale  flight 
test  utilizing  a  calibrated  engine  previously  tested  in  GE's  Simulated  Altitude 
Facility.  The  flight  tests  shall  be  conducted  with  GE's  test  hardware  and  a 
production  flight  inlet  provided  by  Boeing. 

The  flight  tests  shall  be  conducted  at  Boeing  Flight  Test  facilities.  All  testing 
will  be  done  in  accordance  with  procedures  agreed  upon  by  GE  and  Boeing. 

Thrust  and  fuel  flow  shall  be  measured  using  calibrated  instrumentation 
covering  a  range  of  engine  thrust  settings  from  idle  to  maximum  augmented 
power.  The  inlet  airflow  shall  be  measured  using  precise  inflight  instru¬ 
mentation.  The  functional  and  thermodynamic  performance  of  the  nozzle 
shall  be  determined.  Tests  may  be  conducted  at  other  than  stipulated  ambient 
temperatures  and  pressure  altitudes.  Performance  data  shall  be  corrected  by 
the  performance  prediction  deck  to  specified  Table  I  conditions. 

4.3.4  Noise  Demonstration  (Phases  as  Indicated) 

4.3.4. 1  Static 

General  Electric  shall  conduct  a  demonstration  test  on  an  outdoor  test  stand, 
using  a  prototype  engine  or  an  acoustically  similar  engine  with  the  reference 
bellmouth  and  production  exhaust  system.  At  least  six  test  runs  shall  be  made 
at  each  condition  and  the  results  averaged  to  demonstrate  compliance  with  the 
guarantee. 

General  Electric  shall  submit  a  document  showing  guarantee  compliance. 

In  addition,  this  document  shall  include  a  detailed  description  of  the  acoustic 
measurement  and  analysis  system.  The  Boeing  Company  shall  have  the  option 
of  taking  noise  measurements  parallel  to  GE's  during  the  engine  demonstration 
test. 

General  Electric  shall  provide  noise  level  test  data  for  an  engine  acoustically 
similar  to  the  first  flight  engines.  This  data  is  to  be  provided  within  six 
months  after  delivery  of  the  first  flight  engines . 

'4. 3. 4. 2  Inflight 

Flight  tests  shall  be  conducted  by  Boeing  to  demonstrate  noise  characteristics. 
The  tests  shall  be  conducted  on  the  Model  B-2707  (GE)  airplane  using  the 
production  flight  inlet  and  production  exhaust  systems  or  acoustically  equivalent 
hardware.  With  the  airplane  operating  at  a  mutually  agreed  altitude,  sound 
measurements  shall  be  made  on  the  ground  under  the  flight  path.  At  least  six 
test  runs  shall  be  made  at  each  condition  and  the  results  averaged  to  demon¬ 
strate  noise  characteristics.  The  results  of  the  test  shall  be  documented  by 
Boeing  which  includes  a  detailed  description  of  the  measurement  and  analysis 
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systems.  General  Electric  shall  have  the  option  of  taking  noise  measurements 
parallel  to  Boeing  during  the  demonstration  tests . 

4. 3 . 4. 3  Sound  Calculations 

The  perceived  noise  level  calculations  shall  be  made  by  use  of  the  Noys  table 
as  defined  in  SAE  ARP  865,  Ref.  Par.  2.2.8.  The  discrete  frequency  peaks 
generated  by  the  passage  of  the  compressor  or  turbine  blades  shall  be  measured 
as  the  time  average  for  60  sec  of  the  output  of  l/24-oetave  band  filter  or  a 
50-cycle  fixed  band  width  filter  timed  to  the  frequency  being  measured.  The 
noise  data  shall  be  normalized  to  a  standard  sea  level.  59°F  and  70  percent 
RH  day  by  standard  SAE  practices,  per  Ref.  Par.  2.2. 9. 

4.3.5  Engine  Airflow  Demonstration  (Phase  HI) 

The  production  engine  airflow  at  engine  operating  conditions  shown  in  Table  1 
will  be  verified  by  test  procedures  mutually  agreeable  to  GE  and  Boeing. 

4. 3. 6  Thrust  Reverser  Demonstration  (Phases  in  and  IV) 

4. 3. 6. 1  Static  Reverser  Performance  Demonstration 

General  Electric  shall  conduct  a  test  to  demonstrate  static  reverse  thrust 
performance  in  a  suitable  test  stand  that  prevents  reingestion,  Reverse  thruot 
shall  be  measured  using  calibrated  instrumentation  covering  the  range  of 
reverse  engine  thrust  settings  from  idle  to  maximum  reverse.  Performance 
shall  be  corrected  to  specified  Table  I  conditions.  Demonstration  results 
shall  be  documented  in  detail  and  transmitted  to  Boeing. 

4. 3. 6.2  Installed  Reverser  Performance  Demonstration 

Boeing  shall  conduct  tests  to  demonstrate  installed  thrust  performance  and 
operation.  Static  reverser  tests  shall  be  conducted  during  Boeing’s  engine 
ground  rig  testing,  and  high  speed  taxi  and  landing  reverser  tests  shall  be 
conducted  during  Boeing's  flight  test  programs. 

4.3.7  Vibration  Demonstration  (Phases  as  Indicated) 

General  Electric  shall  demonstrate  compliance  with  the  maximum  allowable 
vibration  as  specified  in  Par.  3. 2. 21  by  conducting  the  following  tests: 

a.  Conduct  lineal  vibration  surveys  throughout  the  normal  engine  operating 
range  (idle  to  maximum  augmented  thrust  settings)  on  an  experimental  engine 
using  normal  GE  production  acceptance  hardware.  The  location  cf  vibration 
pickups  for  demonstration  shall  be  established  by  mutual  agreement.  Also, 

the  number,  location  and  vibration  limits  of  pickups  to  be  used  for  production 
acceptance  runs  shall  be  mutually  determined  from  this  demonstration  test. 

b.  Conduct  a  lineal  vibration  survey  throughout  the  normal  engine  opera¬ 
ting  range  (idle  to  maximum  augmented  thrust  setting)  on  a  production  engine 
using  Boeing  supplied  production  inlet.  The  location  of  vibration  pickups  for 
the  demonstration  shall  be  established  by  mutual  agreement.  In  the  event 
that  the  results  of  this  test  using  a  production  engine  and  production  Boeing 
inlet  do  not  meet  the  requirements  of  Par.  3.2.21,  Boeing  and  GE  will  work 
together  using  their  best  efforts  to  determine  the  cause  for  the  discrepancy 
and  to  establish  the  required  corrective  actions . 
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Boeing  shall  conduct  a  vibration  survey using  production  engines  and  production 
airplane  hardware  on  a  static  ground  rig  stand  and  a  flight  test  airplane  to 
determine  installation  effects  on  engine  vibration  levels . 

4.3.8  Bleed  Air  Quality  Demonstration  {Phase  IV) 

General  Electric  shall  demonstrate  compliance  with  the  requirements  of  Par. 
3.2.2  by  conducting  the  following  tests  or.  an  experimental  engine  aerodynamically 
similar  to  production  engine  configurations: 

a.  With  the  engine  operating  at  ground  idle  and  at  70  percent  and  90  percent 
max  nonaugmented  thrust,  the  quantity  of  contaminant  discharged  from  the  high- 
pressure  bleed  shall  be  obtained  while  introducing  a  given  quantity  of  con¬ 
taminant  into  the  engine  over  a  period  of  time.  The  quantity  of  air  bleed  flow 
and  other  detail  test  procedures  are  to  be  established  by  mutual  agreement. 

For  demonstration,  the  contaminant  shall  be  coarse  Arizona  road  duct  AC 
Spark  Plug  Co.  PN  1543637  and  shall  be  introduced  in  a  manner  to  obtain  sub¬ 
stantially  even  distribution  over  the  engine  Met  area.  The  bleed  air  ex¬ 
tracted  shall  not  contain  a  greater  concentration  of  engine  ingested  contaminants 
(pounds  of  contaminant  per  pound  of  air)  than  the  concentration  introduced 
within  a  test  accuracy  of  ±25  percent. 

Samples  of  compressor  bleed  air  shall  be  taken  from  each  bleed  air  outlet  at 
temperatures  within  the  ranges  corresponding  to  the  bleed  air  requirements 
of  Table  V.  At  the  same  time  the  bleed  air  samples  are  taken,  a  sample  of 
the  air  entering  the  compressor  inlet  shall  be  taken.  All  samples  shall  be 
properly  identified.  An  analysis  of  the  samples  shall  be  made,  and  if  any 
of  the  contamination  listed  in  Table  V  has  been  contributed  to  the  bleed  air  by 
operation  of  the  engine,  the  concentration  of  contaminants  shall  be  determined 
•using  mutually  agreeable  test  methods . 

This  test  shall  be  conducted  on  an  engine  incorporating  lubrication  system 
elements  and  seals  which  shall  have  been  subjected  to  a  minimum  of  159  hr  of 
operation. 

Samples  from  tlie  compressor  discharge  stage  bleed  air  outlet  shall  be  taken 
at  temperature  conditions  obtained  at  ground  idle  and  at  70  and  90  percent 
of  maximum  nonaugmented  takeoff  thrust. 

4.3. 9  Inlet  Distortion  Tolerance  Demonstration  (Phase  3H) 

General  Electric  shall  demonstrate  compliance  with  the  maximum  inlet  dis¬ 
tortion  tolerances  and  limits  specified  in  Par.  3.2.19.3  by  conducting  the 
following  tests-. 

a.  Conduct  Met  distortion  tolerance  test  for  sea  leyel  static  and  altitude 
conditions  on  a  prototype  engine  aerodynamically  similar  to  production  engine 
configuration.  The  distortion  patterns  of  the  Boeing  inlet  are  to  be  simulated 
for  each  particular  flight  Mach  number  and  altitude  simulated.  Pressure 
profile  surveys  shall  bo  taken  at  the  compressor  Met,oyer  the  operating 
range  of  the  engine.  The  method  of  test  and  location  of  inlet  pressure  pickups 
for  demonstration  shall  be  established  by  mutual  agreement.  Demonstration 
results  shall  be  documented  in  detail  and  transmitted  to  Boeing. 
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b.  Conduct  inlet  distortion  tolerance  tests  for  altitude  conditions  on  a 
prototype  engine  aerodynamically  similar  to  production  engine  configuration 
with  Boeing  flight  inlet.  This  demonstration  shall  be  done  in  conjunction  with 
the  joint  GE  —  Boeing  Inlet/Engine  AEDC  test  program.  Reference  Par. 

5.2. 1. 3.  This  joint  program  shall  be  used  to  demonstrate  the  specified  inlet 
distortion  levels  of  the  inlet/engine  combination. 


06  A 1 01  96—1 


5.  COMPATIBILITY  DEVELOPMENT  PLAN  (Phase  HI) 


5.1  GENERAL 

General  Electric  and  Boeing's  tests  required  to  develop,  integrate,  and  flight 
test  the  propulsion  system  shall  be  conducted  as  specified  herein  and  additionally 
as  determined  to  be  necessary  by  mutual  agreement.  Specified  data  from  these 
tests  shall  be  made  available  to  GE  or  Boeing  where  requued.  The  responsi¬ 
bility  for  providing  facilities  and  for  conducting  or  supporting  the  tests  shall 
be  accomplished  as  specified  in  the  following  paragraphs . 

5.2  INLET/ENGINE  COMPATIBILITY  PLAN  (Phase  IB) 

Boeing  shall  have  prime  responsibility  for  the  development  of  the  air  induction 
and  control  system.  General  Electric  shall  have  prime  responsibility  to 
establish  the  engine  tolerances  to  inlet  distortion  and  define  requirements,  and 
provide  them  to  Boeing.  This  includes  distortion  definition,  measurement 
requirements  and  calculation  procedures.  The  distortion  information  will 
include  definition  of  the  engine  performance  for  distortion  levels  above  the 
nominal  "no  performance"  loss  levels. 

5.2.1  Boeing  Met /Engine  Compatibility  Tests 

5.2. 1. 1  Model  Test  Program 

Boeing  shall  conduct  scale  inlet  model  tests  to  obtain  distortion  and  pressure 
recovery  data  and  inlet  design  data.  Boeing  shall  provide  GE  with  a  summary 
of  the  test  results.  Distortion  data  from  these  model  tests  shall  be  used  by 
GE  to  establish  requirements  for  the  test  of  various  distortion  patterns  to 
evaluate  the  engine  tolerance  to  distortion. 

5.2. 1.2  J-85  Engine  Tests  (AEDC) 

Boeing  shall  conduct  small  engine /inlet  tests  (1/3  scale)  at  AEDC  in  mid-1967 
for  early  inlet/engine  compatibility  verification.  These  tests  will  be  used  to 
define  the  performance  of  the  Met  and  the  Met  controller  and  to  investigate 
inlet /engine  compatibility  during  steady  state  and  transient  operating  conditions, 
including  unstart-restart  sequencing.  This  test  will  also  be  used  to  verify  and 
update  the  mathematical  simulation  techniques  of  a  short  coupled  Met/engine 
system.  Boeing  shall  provide  General  Electric  with  a  summary  of  the  test 
results . 

5.2. 1.  3  Full-Scale  AEDC  Tests 

Boeing,  in  conjunction  with  General  Electric,  shall  plan  and  conduct  full  scale 
Met/engine  compatibility  tests  at  AEDC.  These  tests  shall  also  demonstrate 
the  specified  Met  distortion  levels  of  the  Met/engine  combination.  Boeing 
will  provide  the  instrumented  Met  for  these  tests. 

The  tests  will  be  conducted  in  accordance  with  the  Coordinated  Met /Engine 
Test  Plan  (Ref.  Document  D6A10007-1),  reference  Par.  2.2.17.  Boeing  and 
GE  shall  be  responsible  for  jointly  supporting  the  program  as  specified  in  the 
referenced  test  plan. 


5.2. 1.4  'Full-Scale  Sea  Level  Static  Tests 

Boeing  shall  conduct  engine  ground  rig  tests  to  evaluate  the  inlet/engine  com¬ 
patibility  under  sea  level  static  conditions. 

5.2.2  General  Electric  Inlet  /Engine  Compatibility  Tests 

5.2.2. 1  Compressor  Component  Tests 

a.  Distortion  Screen  Tests 

General  Electric  shall  conduct  distortion  screen  tests  with  a  full  scale  com¬ 
pressor  rig  throughout  the  full  corrected  speed  flow  and  pressure  ratio  range. 
General  Electric  shall  evaluate  che  tolerances  to  inlet  distortion  and  provide 
Boeing  with  a  summary  of  the  test  results.  General  Electric  will  simulate  the 
Boeing  inlet  distortion  patterns  in  these  tests. 

b.  Centerbody  Venture  Tests 

Combined  steady  state  and  dynamic  pressure  distortion  effects  will  be  imposed 
on  the  compressor,  created  by  the  inflow  effects  of  boundary  layer  mixing 
turbulence  from  the  normal  shock  and  vortex  generator  created  turbulence. 

The  boiler  plate  hardware  for  these  tests  will  be  provided  by  General  Electric. 
Scale  model  testing  of  a  centerbody  venturi  simulator  (inlet  throat  and  sub¬ 
sonic  diffuser  simulation)  will  be  done  by  General  Electric  to  verify  good  simu¬ 
lation  and  range  of  airflow  variation.  Boeing  will  supply  inlet  contours  and 
installation  details  of  the  inlet  for  this  simulation,  and  will  receive  test  result 
summaries. 

5. 2. 2. 2  Engine  Tests 

Under  this  category,  inflow  testing  will  be  done  under  sea  level  and  flight- 
conditions  (heated  inflow) .  Steady-state  and  dynamic  inflow  is  simulated  and 
engine  transient  conditions  will  be  imposed.  A  full  scale  complete  engine 
will  be  used. 

a.  Screen  Testing 

Screen  testing  similar  to  testing  done  on  the  compressor  rig  (updating  of 
distortion  patterns  will  be  done  where  applicable)  will  be  done  to  verify  engine 
operating  characteristics  under  various  distortion  levels  (NDI  updating) . 

b.  Engine/Met  Ground  Testing 

Cross  wind  effects  and  inlet  choked  mode  effects  will  be  evaluated  by  General 
Electric.  Crosswind  up  to  30  kn  (at  0  -  180  deg)  will  be  simulated.  A  full 
scale  engine  and  boiler  plate  inlet  with  bypass  doors  and  several  centerbody 
positions  will  be  used.  General  Electric  will  provide  the  test  set  up  for  cross- 
wind.  Boeing  will  provide  the  centerbodies  and  inlet  cowl  with  the  portion  of  the 
bypass  doors  affecting  takeoff  operation  simulated.  Boeing  will  assist  in  the 
test  as  required  and  will  receive  the  test  results  obtained. 

5 . 2 . 2 . 3  Inlet /Simulator  —  Engine  Tests 

At  least  one  year  prior  to  full-scale  inlet-engine  testing  at  AEDC,  GE  will 
perform  testing  in  their  altitude  test  facilities  with  a  simulated  inlet  and  full- 
scale  engine.  Boeing  will  provide  a  simulated  boiler  plate  inlet,  centerbody 
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positions  for  important  flight  regimes  and  cowling  with  operating  bypass  doors. 
General  Electric  will  provide  Boeing  the  requirements  for  the  test  installation, 
such  as  the  inlet  bellmouth.  General  Electric  will  provide  the  secondary  air 
flow  extraction  ports,  and  perform  scale  model  tests  to  ensure  satisfactory 
engine  inflow  simulation.  These  scale  model  tests  will  also  be  used  by  GE  to 
provide  Boeing  with  early  evaluation  of  distortion  airflow  transient  effects  and 
inlet/engine  compatibility  during  engine  transient  conditions.  Boeing  will  pro¬ 
vide  inlet  geometry  lines  and  distortion  patterns  from  wind  tunnel  testing. 

The  test  objectives  of  this  full-scale  simulated  inlet  engine  testing  (heated 
conditions)  is  to  determine  the  effect  of  terminal  shock  location,  distortion 
and  turbulence  on  the  engine,  the  effect  of  bypass  and  secondary  air  flow 
variations  on  the  engine,  and  the  effect  of  engine-generated  disturbances  on 
the  terminal  shock  position.  Boeing  will  assist  in  the  test  as  required  and 
receive  the  test  results . 

5.2.3  Met /Engine  Dynamic  Analysis 

5 . 2 . 3 . 1  Engine  Mathematical  Model 

General  Electric  shall  provide  Boeing  with  updated  engine  mathematical  model 
computer  decks  as  required.  The  format  and  capability  of  the  engine  mathe¬ 
matical  model  must  be  mutually  agreed  to  by  both  parties.  Coordinated 
efforts  between  Boeing  and  General  Electric  shall  be  made  to  eliminate  any 
detrimental  inlet /engine  interactions. 

5 . 2 . 3 . 2  Inlet /Engine  Mathematical  Model 

Boeing  shall  conduct  analyses  and  simulation  studies  to  evaluate  the  aero¬ 
dynamic  and  control  interactions  between  the  inlet  and  engine.  General  Electric 
will  be  supplied  with  the  mathematical  models  of  these  studies.  The  data  will 
be  used  to  predict  the  results  of  the  various  full-scale  inlet/engine  compatibility 
tests. 

5.3  EXHAUST  SYSTEM  INTEGRATION  TESTS  (Phase  III) 

General  Electric  shall  have  prime  responsibility  for  the  development  of  the 
exhaust  system  in  accordance  with  Boeing’s  requirements. 

5.3.1  Thrust  Reverser  Development 

5. 3. 1. 1  Boeing  Reverser  Tests 

a.  Ingestion  Tests  (Model) 

Boeing  shall  conduct  aircraft  model  wind  tunnel  tests  to  determine  the  thrust 
reverser  exhaust  flow  pattern  requirements  -with  respect  to  minimizing  adverse 
reingestion  and  impingement  effects .  Boeing  shall  provide  General  Electric 
with  a  summary  of  the  test  results . 

b.  Reverser/Airplane  Effectiveness  Tests  (Model) 

Boeing  shall  conduct  aircraft  model  wind  tunnel  tests  to  define  the  reverser 
flow  pattern  with  respect  to  reverse  thrust  effectiveness.  Boeing  shall  provide 
GE  with  a  summary  of  the  test  results . 
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c.  Definition  of  Revers.er  Requirements 

Boeing  shall  define  the  reverser  performance  requirements,  reverser  exhaust 
external  flow  path  requirements,  and  the  airframe  control  system  requirements. 
Boeing  shall  provide  General  Electric  with  these  requirements. 

d.  Full-Scale  Tests 

Boeing  shall  conduct  full  scale  engine  ground  rig  tests  to  evaluate  reverser 
performance  and  operation,  reverser  thrust  response,  reingestion  effects, 
and  fail  safe  characteristics  (see  Sec.  5.4.2). 

5. 3. 1.2  General  Electric  Reverser  Tests 

a.  Model  Tests 

General  Electric  shall  conduct  model  tests  to  develop  the  reverser  and  reverser 
exit  cover  door  design  to  meet  Boeing's  requirements. 

b.  Large  Scale  Engine  Tests 

General  Electric  shall  conduct  large  scale  engine  tests  to=  evaluate  the  perform¬ 
ance  operation  and  fail  safe  characteristics  of  the  reverser.  General  Electric 
shall  provide  Boeing  with  a  summary  of  the  test  results . 

c.  Full-Scale  Tests 

General  Electric  shall  conduct  full  scale  engine  static  tests  to  evaluate  reverser 
performance  and  operation  and  to  perform  a  qualification  test  on  the  reverser. 
Boeing  shall  have  the  option  to  witness  the  tests. 

5.3.2  Nozzle  Development 

5 . 3 . 2 . 1  Boeing  Model  Tests 

a.  Wing/Pod  Integration  Tests 

Boeing  shall  conduct  model  tests  with  the  nozzle  in  the  presence  of  a  wing  or 
wing-body  to  determine  nozzle  boattail  pressure  distribution  and  nozzle  in¬ 
stalled  performance.  Boeing  shall  provide  General  Electric  with  a  summary 
of  the  test  results.  General  Electric  shall  provide  Boeing  with  current  models 
or  contours  for  their  nozzle,  and  inform  Boeing  of  any  revisions  in  the  con¬ 
tours  at  the  time  they  are  incorporated. 

5 . 3 . 2 . 2  General  Electric  Tests 

a.  Model  Tests 

General  Electric  shall  conduct  nozzle  model  tests  to  determine  nozzle  perform¬ 
ance  and  ejector  pumping  characteristics,  and  to  acquire  data  required  for  the 
design  of  the  free-floating  secondary  flaps . 

b.  AEDC  Tests 

General  Electric  shall  conduct  full  scale  engine  tests  at  AEDC  to  demonstrate 
nozzle  performance  and  operation. 

5.3.3  Noise  Suppression  Development 
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5 .  ft.  3 . 1  Boeing  Tests 

a.  Model  Tests 

Boeing  shall  conduct  scale  model  tests  of  jet  noise  suppressors  under  jet 
conditions  identical  to  those  proposed  for  the  SST  engine.  Evaluation  of  the 
noise  characteristics  of  the  suppressor  nozzles  shall  be  in  terms  of  overall 
and  octave  band  sound  pressure  levels  as  well  as  perceived  noise  level. 
Promising  designs  will  be  reviewed  with  General  Electric  to  determine  their 
adaptability  to  the  engine.  The  objective  of  these  tests  is  to  select  promising 
designs  for  further  analysis  and  full  scale  testing. 

b.  Full-Scale  Tests 

Boeing  shall  conduct  full  scale  J-75  engine  tests  to  evaluate  promising  jet 
noise  suppressors  obtained  from  model  tests.  The  final  nozzle  configurations 
shall  be  tested  on  a  J-75  engine.  Test  conditions  on  a  J-75  will  duplicate 
as  closely  as  possible  the  conditions  required  on  the  SST  engine  during  takeoff 
and  climb-out  maneuvers.  Evaluation  of  the  noise  characteristics  of  the 
suppressor  nozzles  shall  be  in  terms  of  overall  and  octave  band  sound  pressure 
level  as  well  as  perceived  noise  level.  Boeing  shall  provide  General  Electric 
with  a  summary  of  the  test  results.  The  objective  of  these  tests  is  to  deter¬ 
mine  the  jet  noise  suppression  characteristics  and  performance  losses  for  the 
full  scale  exhaust  nozzle. 

5. 3.  3.2  -.General  Electric  Tests 

a.  Model  Tests 

General  Electric  shall  conduct  small  scale  jet  noise  suppression  tests  which 
may  be  applicable  to  the  engine.  The  objective  of  these  tests  is  to  select 
promising  designs  for  further  analysis  and  full  scale  testing. 

b.  Full-Scale  Testing 

(1)  General  Electric  shall  conduct  full  scale  compressor  noise  tests  to 
determine  noise  generating  and  propagating  characteristics.  General  Electric 
shall  provide  Boeing  with  a  summary  of  the  test  results .  Data  shall  be  in  the 
form  of  octave  band  and  1/24  the  octave  band  SPL  over  a  complete  polar  grid 
around  the  engine.  Several  thrusts  from  idle  to  full  power  shall  be  included. 

(2)  General  Electric  shall  conduct  full-scale  engine  noise  and  performance 
tests  to  evaluate  the  basic  configuration  and  the  final  suppressor  configuration 
for  the  exhaust  nozzles.  General  Electric  shall  provide  Boeing  with  a  summary 
of  the  test  results.  Noise  data  shall  be  in  the  form  of  octave  band  SPL  over 

a  complete  polar  grid  around  the  engine.  Several  thrusts  from  idle  to  full 
power  shall  be  .included. 

(3)  General  Electric  shall  conduct  full  scale  noise  and  performance  tests 
on  the.  engine  to  determine  near  and  far  field  noise  levels  with  an  acoustically 
similar  aircraft  inlet  installed.  General  Electric  shall  provide  Boeing  with 

a  summary  of  the  test  results.  Noise  data  shall  be  in  the  form  of  octave  band 
and-l/24  octave  band  SPL’s  over  a  complete  polar  grid  around  the  engine. 
Several  thrusts  from  idle  to  full  power  shall  be  included.  Boeing  shall  have 
the  option  to  witness  the  tests  and  take  parallel  noise  measurements. 


D6A10198-.1 


(4)  •  The  objective  of  these  tests  and  analysis  is  to  obtain  a  noise  suppression 
system  compatible  with  the  engine  and  airframe  which  results  in  noise  levels 
at  or  better  than  FAA  objectives  during  all  phases  of  SST  operation. 

5 . 4  ENGINE  /AIRFRAME  INSTALLATION  TESTS 

The  full  scale  propulsion  installation  tests  required  to  evaluate  engine /airframe 
integration  and  compatibility,  and  to  evaluate  the  performance  and  operation 
of  propulsion  subsystems  and  components,  are  included  herein. 

5.4.1  Engine /Airframe  Installation  Requirements 

All  features  affecting  aircraft /engine  interface  shall  be  evaluated  during  the 
aircraft  development  program  to  provide  assurance  that  engine  operation  under 
installed  conditions  is  in  accordance  with  the  design  intent.  Boeing  will  supply 
to  GE  the  data  necessary  for  GE  to  validate  the  engine  installation. 

5. '4. 2  Boeing  Ground  Rig  Tests 

Boeing  shall  conduct  engine  ground  rig  tests  to  evaluate  the  performance, 
operation  and  compatibility  of  all  components  of  the  propulsion  installation 
including  engine  starting  system,  engine  oil  cooling  system,  accessory  power 
drive  and  airbleed  system,  engine  and  cowl  cooling  environment,  fire  detec¬ 
tion  and  extinguishing  system,  engine  instrumentation ,  engine  controls, 
nacelle  drainage,  engine  fuel  system,  engine  and  accessory  vibration,  and 
engine  noise.  General  Electric  shall  supply  Boeing  with  calibrated  ground  rig 
test  engines  and  logistically  support  the  test  program  as  required.  Boeing 
will  provide  GE  with  the  specific  details  of  the  test  and  results . 

5.4.3  General  Electric  Ground  Rig  Tests 

General  Electric  shall  conduct  engine  ground  rig  tests  to  evaluate  and  demon¬ 
strate  the  performance,  operation,  and  noise  levels  of  the  engine,  including: 
inlet/nacelle/engine  compatibility,  thrust  reverser  performance  and  qualifica¬ 
tion,  and  inlet  and  exhaust  noise  suppression  evaluation. 

It  is  also  desirable  that  GE  conduct  a  test  using  Boeing  supplied,  engine- 
driven  airframe  accessories  to  assist  in  determining  compatibility  of  the 
engine  and  airframe  components.  A  mutually  agreeable  plan  will  be  developed 
during  the  design  period  to  accomplish  this  objective. 

5.5  PHASE  HI  FLIGHT  TEST  PROGRAM 

5.5.1  General 

The  flight  test  demonstration  of  engine  performance  and  operation,  and  the 
evaluation  of  the  propulsion  system,  are  included  herein.  Boeing  shall  conduct 
the  flight  tests.  General  Electric  shall  monitor  and  support  these- tests. 

The  following  propulsion  system  flight  tests  will  be  accomplished  during  the 
Phase  HI  flight  test  program: 

5.5.2  Air  Induction  System  Performance  and  Operation 

Boeing  shall  conduct  flight  tests  to  demonstrate  the  air  induction  system 
performance  and  operation,  and  inlet /engine  compatibility  over  the  flight 
envelope  of  tho  airplane. 


5.5.3  Engine  Performance  and  Operation 

Boeing  shall  conduct  flight  tests  to  demonstrate  the  installed  engine  perform¬ 
ance  and  operation  over  the  airplane  flight  and  maneuver  envelopes.  Installed 
engine  performance  will  be  demonstrated  as  specified  in  Par.  4. 3. 3. 1. 

5.5.4  Evaluation  of  Propulsion  Nacelle  and  System 

Boeing  shall  conduct  flight  tests  to  demonstrate  the  engine  and  nacelle  cowling 
for  structural  integrity  over  the  flight  envelope  of  the  airplane  and  the  opera¬ 
tion  and  function  of  the  propulsion  systems.  These  tests  shall  include: 
nacelle  and  engine  cooling,  engine  oil  system,  accessory  operation,  engine 
anti-icing,  fire  extinguishing  system,  engine  instruments,  nacelle  drainage, 
engine  fuel  system,  vibration  surveys  and  automatic  thrust  control  system. 

5.5.5  Thrust  Reverser  Performance  and  Operation 

Boeing  shall  conduct  flight  and  taxi  tests  to  determine  reverse  thrust  effective¬ 
ness,  reverser  exhaust  gas  ingestion  and  impingement  characteristics,  and 
reverser  fail  safe  characteristics  under  flight  loads. 

5.5.6  Noise  Surveys 

Boeing  shall  conduct  ground,  takeoff,  and  landing  tests  to  demonstrate  airport 
and  community  engine  noise  levels  as  specified  in  Par.  4. 3. 4. 2. 
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6.  PRODUCT  ASSURANCE  REQUIREMENTS 


6. 1  BASIC  CONCEPTS  AND  DEFINITIONS 

In  the  context  used  here,  the  term  Product  Assurance  includes  the  subjects  of 
Reliability,  Safety,  and  Maintainability.  The  elements  contained  herein  are 
required  to  integrate  the  engine  into  the  B-2707  system  and  provide  assurance 
during  design  and  test  that  adequate  levels  of  reliability,  safety,  and  main¬ 
tainability  are  inherent  in  the  final  design. 

6.2  RESPONSIBILITIES 

6.2.1  General 

Boeing  has  overall  responsibility  and  accountability  for  the  reliability, 
safety,  and  maintainability  of  the  B-2707.  This  responsibility  includes  system 
schedules,  planning  and  reporting  in  addition  to  technical  integration  of  the  GE 
produced  equipment. 

General  Electric  has  responsibility  and  accountability  for  the  reliability,  safety, 
and  maintainability  characteristics  of  the  engine  and  basic  engine  accessories 
specified  herein  and  for  the  conduct  of  tests  or  demonstrations  required  to 
ensure  their  achievement  on  the  basic  engine.  This  responsibility  includes 
support  to  Boeing  throughout  the  B-2707  Program  to  ensure  achievement  of 
overall  system  Product  Assurance  objectives  as  they  relate  to  the  basic  engine 
and  engine /airplane  interfaces.  This  support  includes  provision  of  the  data 
specified  herein  required  for  Boeing  to  fulfill  system  responsibilities. 

6.2.2  Boeing  Responsibilities 

Boeing  will  assess  the  safety,  reliability,  and  maintainability  of  the  B-2707 
and  provide  master  schedules,  planning,  reporting,  and  integration  for  all 
Product  Assurance  elements.  In  fulfillment  of  these  responsibilities,  Boeing 
will  provide  to  GE  copies  of  the  following  items  relative  to  reliability,  safety, 
and  maintainability. 

a.  Major  program  milestones. 

b.  Test  and  demonstration  plans  and  requirements  for  flight  test. 

c.  Operational  and  maintenance  concepts  to  support  the  B-2707  system. 

d.  Time  goals  for: 

(1)  Performance  of  engine  line  maintenance  tasks  accomplished  on  the 
airplane . 

(2)  Performance  of  basic  engine  teardown,  inspection,  and. assembly  on 
the  aircraft. 

(3)  Schedules  for  providing  these  items  will  be  negotiated  and  included 
in  the  ancillary  agreements. 


6.  Recommendations  submitted  for  information  or  for  decision  of  the  FAA 
that  involve  GE  furnished  equipment. 

f.  The  integrated  Safety  Engineering  Program  incorporating  the  General 
Electric  Safety  Engineering  Plan. 

g.  Copies  of  engine  malfunction  and  maintenance  data  assembled  by 
Boeing  personnel  during  Phase  HI. 

In  addition  to  the  preceding,  Boeing  will: 

h.  Establish  periodic  meetings  as  may  be  required  to  ensure  integration 
of  the  Product  Assurance  activities . 

i.  Develop,  with  GE,  mutually  compatible  and  acceptable  data  formats, 
flow  processes,  evaluation  processes  and  reports  as  may  be  required. 

6.2.3  General  Electric  Responsibilities 

General  Electric  will  report  achievements  against  the  reliability,  safety,  and 
maintainability  objectives  contained  herein  and  will,  in  addition,  provide 
technical  representation  to  actively  participate  in  the  failure  analysis  team 
(see  Par.  6.2.5). 

6.2.4  Interface  Elements 

Sections  2.0  and  3.0  form  the  basis  for  identifying  and  defining  mutually 
reacting  malfunctions  and  malfunction  effects . 

6.2.5  Problem  Analysis  and  Corrective  Action 

During  the  flight  test  and  certification  program,  malfunctions  and  problems 
will  undoubtedly  occur  requiring  investigation,  determination  of  responsibility, 
and  identification  of  appropriate  corrective  action.  The  following  will  be 
accomplished  in  the  event  of  failure  or  malfunction  involving  the  engines  or 
engine /airframe  interfaces : 

a.  A  failure  analysis  team  will  be  established  consisting  of  a  Boeing  and 
GE  representative(s) . 

b.  Where  on-the-spot  cause  determination  and  corrective  action  are 
mutually  agreed  upon,  a  report  will  be  prepared  by  the  responsible  party  and 
the  necessary  corrective  action  accomplished. 

c.  Malfunctioning  engine  components  will  be  forwarded  to  the  GE  B-2707 
Spares  store  for  disposition  in  accordance  with  the  ancillary  agreements . 

Parts  or  components  requiring  fu'fher  investigation  or  analysis  will  be  with¬ 
drawn  from  the  store  and  later  returned:to  the  store  in  accordance  with  GE 
procedures.  Analysis  of  the  failed  component  will  be  accomplished  by  GE. 

Where  an  engine  /airframe  interface  problem  is  suspected,  either  party  may 
request  participation  in  the  investigation.  A  full  report  will  be  prepared 
and  signed  by  both  parties  where  an  engine /airframe  problem  i3  indicated. 


d.  For  all  joint  investigations,  in  the  event  of  a  disagreement,  dissenting 
opinion  shall  be  included  on  the  failure  analysis  report. 

e.  Copies  of  all  reports  will  be  provided  to  Boeing. 

6.3  RELIABILITY 

This  section  contains  the  minimum  elements  to  fulfill  system  reliability 
responsibility  and  provide  effective  engine /airframe  interface.  To  the  maxi¬ 
mum  possible  extent,  these  objectives  shall  be  fulfilled  as  part  of  the  basic 
contract  with  the  FAA  and  shall  not  require  additional  nor  different  effort. 

6.3.1  Design  Objectives 

6 . 3 . 1 . 1  Numerical  Objectives 

When  operated  within  the  environments  and  performance  limits  specified 
in  Sec.  3. 0  of  this  document,  the  reliability  objectives  shall  be  as  shown  in 
Table  VIH. 


Table  VIII.  Reliability  Objectives 


End  of 
Phase  in 

Mature  Engine-2xl06 
Engine  Flight  Hr 

a.  MCBF  (mean  cycles  before 
failure  to  start  within  5  minutes) 

1, 500 

39,000 

b.  Mean  time  between  inflight  shut- 
.  downs  (hr) 

450 

11, 100 

c.  Mean  time  between  augmentor 
power  loss  (hr) 

270 

6,660 

d.  Mean  time  between  premature 
engine  removals  (hr) 

160 

4, 000 

OO  As  defined  by  100  percent  augmentation  power  loss. 

6  j)  Edition,  the  engine  shall  be  designed  and  constructed  to  function 

1,  v  t  no  hr  duration  without  failure  of  any  engine  component  as  a  re- 

|  of  operating  at  a  noise  level  as  specified  in  Par.  3.2. 1.2.3. 

Degree  of  attainment  of  these  objectives  shall  be  demonstrated  in  accordance 
with  Par.  6. 3.2, 1. 


6 . 3 . 1 . 2  Failure  Requirements 

The  preceding  objectives  shall  be  attained  within  the  failure  requirements 
specified  in  Sec.  3.0.  These  requirements  are  specifically  related  to,  but 
are  not  limited  to,  Pars.  3.2. 2. 1.3,  3.2.19.1,  3.2.19.2,  3.2.19.4,  and 
3.2.20. 1.  Compliance  with  these  requirements  shall  be  demonstrated  in 
accordance  with  Par .  6 . 3.2 . 2 . 
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6. 3. 1. 3 '  Malfunction  Definitions 

The  reliability  plan  prepared  by  GE  shall  include  specific  definitions  of  mal¬ 
function.  Definitions  shall  be  related  to  one  or  more  of  the  characteristics 
of  Table  VIII  as  well  as  to  the  appropriate  portions  of  Sec.  3. 0. 

6.3.2  Quality  Assurance  Provisions 

6.3.2. 1  Numerical  Demonstration 

Achievement  of  each  parameter  listed  in  Par.  6. 3. 1. 1  shall  be  demonstrated 
as  specified  below.  This  requirement  is  not  to  be  construed  as  requiring 
statistical  reliability  tests;  however,  it  shall  be  construed  to  require  statistical 
evaluation  of  data  for  this  purpose. 

a.  A  curve  will  be  established  for  each  parameter  shown  in  Table  I 
related  to  total  engine  hours. 

b.  For  items  Par.  6. 3. 1. 1  (a)  through  (e),  time/cycle  and  failure  data 
will  be  logged  from  in-plant  tests  and  flight  tests.  This  data  will  be  analyzed 
on  a  periodic  sliding  basis  of  not  more  than  200  total  engine  hour  increments 
or  some  other  grouping  as  may  be  agreed  upon.  For  each  increment  of 
engine  time,  incremental  and  cumulative  statistical  estimates  of  each  para¬ 
meter  will  be  established  and  compared  to  the  initial  growth  curves  to  deter¬ 
mine  satisfactory  progress. 

c.  Attainment  of  the  reliability  objectives  shall  be  construed  to  exist 
when  the  following  conditions  have  been  fulfilled. 

(1)  Using  the  to:  1  cumulative  relevant  data  existing  at  the  end  of  the  100 
hour  flight  test  program,  corrected  for  approved  design  changes,  show  by 
analysis  that  the  early  flight  goals  have  been  achieved. 

(2)  The  cumulative  relevant  test  results,  extrapolated  by  analys  3,  show 
that  the  intermediate  and  maximum  experience  goals  are  achievable. 

d.  Compliance  with  Par.  6. 3. 1. 1  (e)  will  be  demonstrated  during  the  type 
certification  program. 

6. 3 . 2 . 2  Failure  Requirements  Demonstration 

Evidence  of  compliance  with  the  provisions  of  Par.  6. 3. 1.2  shall  be  provided 
as  follows: 

a.  Each  part  of  the  GE  furnished  equipment  shall  be  analyzed  to  determine 
the  end  result  of  failure  and  ensure  that  adequate  protection  exists.  The 
analysis  shall  include  at  least  the  data  shown  in  the  sample  Failure  Mode, 

Effect  and  Criticality  Analysis  format,  Fig.  18.  The  analysis  shall  show  con¬ 
clusive  evidence  of  compliance  with  the  following  minimum  requirements: 

{1)  Single  failure  of  accessory  seals,  bearing  seals,  and  oil  lines  (except 
RT)ginf>  bearing  failure)  cannot  result  in  bleed  air  contamination. 

(2)  No  single  failure  of  any  part  of  the  reverser  can  result  in  unsafe 
operation  of  the  engine  or  the  airplane. 
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FAILURE/ERROR  MODE,  EFFECT  AND  C 


ITEM 

IDENTIFICATION 


NAME 


LOCA¬ 

TION 


IDENT 

NO. 


ITEM 

FUNCTION 


PHASE 

OF 

OPERA-1 

TION 


TYPE  OF  FAILURE 
OR  ERROR 


DETECTION 

METHODS 


POSSIBLE 

CAUSES 


SECOND; 

FAILUR 


PHASE  OF  OPERATION  CODE: 

I  PREPARE  FOR  FLIGHT 

2.  START 'TAXI 

3.  TAKEOFF 

4.  CLIMB 

5.  SUBSONIC  CRUISE 

6.  SUPERSONIC  CRUISE 

7.  DESCENT 

8  APPROACH  AND  LAND  NG 
9.  TAXI  PARK 
10.  GROUND  OPERATIONS 


HAZARD  CRITICALITY  CODE: 

A.  CATASTROPHIC  -  PERSONNEL  ERROR,  DESIGN  DEFICIENCY 
OR 'SUBSYSTEM  '  COMPONENT  MALFUNCTION  WILL  PRODUCE 
SEVERE  DEGRADATION  OF  THE  SYSTEM  WHICH  WILL  RESULT 
IN  LOSS  OF  THE  SYSTEM  OR. DEATH,  OR  MULTIPLE  DEATHS, 

OR  INJURIES. 

B  CRITICAL  -  PERSONNEL  ERROR,  DESIGN  DEFICIENCY  OR  SUB¬ 
SYSTEM,  COMPONENT  MALFUNCriON  WILL  DEGRADE  THE 
SYSTEM  CAUSING  PERSONNEL  INJURY,  SUBSTANTIAL  SYSTEM 
DAMAGE  OR  RESULT  IN  AN  UNACCEPTABLE  HAZARD  NECESSI¬ 
TATING  IMMEDIATE  CORRECTIVE  ACTION  FOR  PERSONNEL 
AND  SYSTEM  SURVIVAL. 


C. 


D. 


MARGINAL  -  PERSONNEL  ERROR,  DESIG 
SYSTEM/ COMPONENT  MALFUNCriON  Y/IL 
SYSTEM  TO  SOME  EXTENT  WITHOUT  MAJ 
OR  PERSONNEL  INJURY,  BUT  CAN  BE  AC 
ACTED  OR  CONTROLLED. 

SAFE  -  PLRSONNEl  ERRORS,  DESIGN  DE 
SYSTEM  COMPONENT  MALFUNCTION  WIL 
MAJOR  SYSTEM  DEGRADATION  AND  IT  W| 
SYSTEM  FUNCTIONAL  DAMAGE  OR  CONT 
HAZARD,  OR  PERSONNEL  INJURY. 
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FECT  AND  CRITICALITY  ANALYSIS  SHEET 


SECONDARY 

FAILURE  EFFECTS  ON 

FAILURES 

SUBSYSTEM 

OPERATION 

FLIGHT 

PROFILE 

FLIGHT  CREW 
ACTIONS 

COMPENSATING 

PROVISIONS 


CRITICAL 

CLASS. 


i  GROUND 
OPERATIONS 


FAILURE  COMMENTS  AND 
FREQ  RECOMMENDATIONS 


DISPATCH  CRITICALITY  CODE:  ! 

SYSTEM  DIVISION: 

NEL  ERROR,  DESIGN  DEFICIENCY  OR  SUB¬ 
MALFUNCTION  WILL  DEGRADE  THE 

TENT  WITHOUT  MAJOR  SYSTEM  DAMAGE 

A. 

B. 

FAILURE  OF  THE  ITEM  RENDERS  AIRPLANE  UNSERVICEABLE. 
FAILURE  OF  ITEM  IMPOSES  RESTRICTIONS  ON  AIRPLANE  SER¬ 
VICE  (WEATHER,  LOAD,  RUNWAY  LENGTH,  ETC.) 

SUBDIVISION: 

RY,  BUT  CAN  BE  ADEQUATELY  COUNTER- 
LED. 

ERRORS,  DESIGN  DEFICIENCY  OR  SUB- 

C. 

FAILURE  OF  ITEM  WILL  NORMALLY  )(OT  AFFECT  DISPATCH. 

MODEL: 

MALFUNCTION  WILL  NOT  RESULT  IN 
ADATION  AND  IT  WILL  NOT  PRODUCE  ' 

.  DAMAGE  OR  CONTRIBUTE  TO  SYSTEM 

* 

PREPARED  BY: 

NEL  INJURY. 

: 

i 

i 

_ _ _  C  ' 

DATE: 

Figure. 18.  Failure-Mode,  Effect  and  Criticality 
Analysis 
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(3)  No  single  failure  within  the  supersonic  inlet  will  prevent  the  engine 
from  continuing  to  operate  satisfactorily. 

(4)  Damage  to  the  engine  will  not  occur  after  surges  due  to  either  inlet 
distortion  within  the  limits  specified  in  Par.  3.2. 1.9.3  or  other  causes. 

(5)  No  single  failure  within  the  engine  will  prevent  the  supersonic  inlet 
from  operating  satisfactorily. 

(6)  No  damage  to  the  engine  shall  result  when  the  windmill  brake  is 
applied  by  the  normal  controls  at  any  engine  operating  condition. 

(7)  In  the  event  of  windmill  brake  actuator  failure,  the  brake  will  not  fail 
to  remain  in  the  position  occupied  at  the  time  of  failure. 

These  analyses  will  be  supplemented,  as  required,  by  appropriate  stress 
and  fatigue  analyses  as  well  as  by  deliberately  induced  or  simulated  mal¬ 
functions  during  the  tests  specified  in  Sec.  4.0.  A  summarized  failure  analysis 
including  these  elements  shall  be  included  in  the  model  specification. 

b.  Any  malfunctions  occurring  during  the  ground  and  flight  test  program 
shall  not  produce  results  contrary  to  these  requirements. 

6.3.3  Data  Requirements 

a.  Reliability  Program  Plan 

General  Electric  will  submit  to  Boeing  a  preliminary  copy  of  their  Reliability 
Program  Plan  which  will  be  submitted  to  the  FAA.  After  coordination  with 
Boeing  for  overall  program  compatibility  and  approved  by  the  FAA,  the  plan 
shall  become  the  standard  by  which  the  General  Electric  Reliability  Program 
will  be  conducted. 

Revisions  to  the  plan  shall  be  submitted  to  Boeing  for  information.  Boeing 
approval  is  required  if  basic  intent,  direction,  or  Boeing  interface  is  affected. 

b.  Technical  Data 

Copies  of  the  following  data  shall  be  furnished  to  Boeing  as  specified  below: 

(1)  Allocated  reliability  values  and  documented  results  of  design  reliability 
analyses  and  predictions  kept  up-to-date  at  intervals  not  to  exceed  six  months. 
This  data  shall  include  details  related  to  each  component  or  part  for  each 
parameter  specified  in  Par.  6. 3. 1. 1  and  shall  include  the  pertinent  data 
specified  in  Par.  6. 5. 4. 3  AIDS,  items  a)  and  f).  Sources  and  justification  of 
reliability  predictive  data  shall  ;be  included. 

(2)  Comprehensive  analyses  of  each  possible  internal  and  external  failure 
mode,  its  effect  and  its  criticality,  kept  up-to-date  at  intervals  not  to  exceed 
six  months.  These  analyses  shall  be  prepared  to  fulfill  the  requirements  of 
Pars.  6. 3. 1.2  and  6. 3. 2. 2. 

(3)  The  list  of  reliability  critical  items  kept  up-to-date  at  intervals  not 
to  exceed  six  months. 
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NOTE:  It  is  preferable  that  these  items  be  assembled  into  one  package 

and  submitted  at  the  same  tifne. 

(4)  A  detailed  plan  to  achieve  compliance  with  the  provisions  of  Par. 

6.3.2. 1  shall  be  submitted  90  days  after  contract  award  for  Boeing  approval. 
This  shall  include  individual  definitions  of  success  and  failure  amplifying  the 
provisions  of  Par.  6. 3. 1.3  and  complying  with  Par.  6.5.4. 3  (a).  A  detailed 
set  of  relevant  and  nonrelevant  failure  classifications  shall  be  included. 

(5)  Summarized  records  of  engine  time/cycle  failure  and  maintenance 
histories. 

(6)  Failure  and  Analysis  Reports  as  generated. 

These  items  shall  be  included  in  the  status  reports  identified  below. 

c.  Reliability  Status  Reporting 

During  Phase  HI,  GE  shall  prepare  and  submit  to  Boeing  bi-monthly  reports  to 
provide  a  concise  and  accurate  summary  of  Reliability  Program  status,  tech¬ 
nical  status  and  significant  problem  areas.  These  may  be  included  in  or  be 
derived  from  periodic  reports  submitted  to  the  FA  A.  The  report  shall  cover 
the  following: 

(1)  Program  Status:  Sumarize  status  of  each  current  task  contained  in  the 
Reliability  Program  Plan.  Reasons  for  any  slides  or  schedule  alteration  shall 
be  included,  along  with  program  for  recovery. 

(2)  Technical  Status:  This  part  shall  consist  of  reliability  estimates  for 
the  overall  system  and  each  major  segment  or  component  thereof,  and  shall 
compare  predicted  reliability  (or  MTBF/MCBF)  with  allocated  reliability 
during  the  period  covered.  Updated  assessments  shall  be  included  at  least 
quarterly.  A  summary  of  revised  predictions,  the  reason  for  the  change, 
and  the  impact  of  the  change  shall  be  included  in  this  part  of  the  report.  The 
current  status  of  and  results  of  significant  tests  or  demonstrations  for  reliability 
purposes  shall  also  be  contained  in  this  section. 

(3)  Significant  Reliability  Problems:  This  part  shall  summarize  significant 
reliability  problems  in  the  following'  format:. 

(a)  Area  of  engine  or  accessories 

(b)  Brief  statement  of  problem 

(e)  Proposed  resolution 

(d)  Action  agency 

(e)  Current  status 

(f)  Reference  correspondence  or  data 

(g)  Amplifying  remarks 

(h)  Final  reliability  report 

The  reliability  portion  of  GE's  final  report  required  by  the  FAA.  shall  be  pro¬ 
vided  to  Boeing  for  coordination  prior  to  submittal  and  shall  include  a  complete 
accounting  of  the  accomplishment  of  the  Phase  m  Reliability  Program  including: 
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a.  Summary  of  results  achieved  by  the  contracted  reliability  program. 

b.  Evidence  of  compliance  with  Pars .  6 . 3 . 2 . 1  and  6 . 3 . 2 . 2 . 

c.  Status  of  equipment  qualification  program,  including  deviations  accepted 
and  their  effect  upon  reliability. 

d.  Recommendations  for  continued  maintenance  of  system  reliability  in 
the  field. 

e.  Recommendations  regarding  additional  reliability  improvements. 

6.4  SAFETY 

6.4.1  General 

This  section  defines  the  minimum  System  Safety  program  interface  responsibil¬ 
ities  of  Boeing  and  GE  necessary  to  provide  effective  working  relationships  and 
to  assure  total  airplane  System  Safety  consideration  during  development  and 
test.  To  the  maximum  possible  extent,  the  activity  implied  in  these  responsi¬ 
bilities  will  be  performed  as  a  part  of  each  contractor's  basic  contract  with  the 
FAA  and  shall  not  require  additional  effort. 

As  Boeing  is  responsible  for  the  overall  safety  of  the  prototype  airplanes  during 
Phase  HI  of  the  program,  and  further,  is  required  to  establish  and  maintain  an 
Integrated  System  Safety  Plan,  it  follows  that  Boeing  will  establish  the  Safety 
Analysis  techniques  used  to  evaluate  the  integrated  airplane.  Within  this  frame¬ 
work,  the  responsibilities  of  each  party  are  defined  as  follows: 

6.4.2  Boeing  System  Safety  Responsibilities 

Boeing  will  prepare  an  Integrated  System  Safety  Plan  (ISSP)  upon  receipt  of 
GE's  Safety  Plan.  The  ISSP  will  provide  for  coordination  of  the  Safety  Program 
and  will  include  the  following: 

a.  Guidance  and  requirements  for  the  accomplishment  of  Fault  Tree 
Analyses  by  GE. 

b.  Schedules  for  submittal  of  Fault  Tree  Analyses. 

c.  Method  of  integrating’  engine  Fault  Trees  into  the  B-2707  system  tree. 

d.  Provisions  for  Engine /Airframe  safety  program  coordination  meetings. 

"6.4.3  General  Electric  Responsibilities 

a.  General  Electric  will  submit  to  Boeing  a  preliminary  copy  of  their 
Safety  Plan  which  will  be  submitted  to  the  FAA.  Subsequent  Safety  Plan  revi¬ 
sions  wiirbe  provided  to  Boeing  at  the  time  of  their  accomplishment. 

■  b.  Develop  and  provide  to  Boeing  Fault  Tree  Analyses,  using  the  format 
of  the  Integrated  System  Safety  Plan,  for  all  undesired  events  that  have  a  serious 
threat  to  the  operation  of  the  B-2707.  These  undesired  events  shall  include  but 
not  be  limited  to  the  following: 
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(1)  Uncontained  engine  fire 

(2)  Turbine  disc  failure 

(3)  Compressor  disc  failure 

(4)  Loss  of  scheduled  thrust 

(5)  Engine  seizure 
6.5  MAINTAINABILITY. 

6.5.1  General 

This  section  contains  the  minimum  elements  to  fulfill  system  maintainability 
responsibility  and  provide  effective  engine /airplane  interface.  To  the  maximum 
possible  extent,  these  requirements  shall  be  fulfilled  as  part  of  the  basic  con¬ 
tract  with  the  FAA  and  shall  not  require  additional  or  different  effort. 

6.5.2  Design  Objectives 

6 . 5 . 2 . 1  Maintainability  Objectives 

When  operated  within  the  environments  and  performance  limits  specified  in 
Sec.  3.0  of  this  document,  the  engine  Maintainability  objectives  are  those 
arithmetic  mean  values  shown  in  Table  IX. 


Table  IX.  Maintainability  Objectives 


End  of 
Phase  HE 

Mature  Engine-2xl06 
Engine  Flight  Hr 

a.  MMH/EH  (maintenance  man-  (1) 
hours  per  1, 000  engine  hours) 

b.  Equivalent  TBO  (time  between  overhaul) 

(1)  Maintenance  manhours  including  servicing,  inspection  and  LRU  re¬ 
placement  per  1, 000  engine  hours  of  operation  on  the  airplane  ex¬ 
cluding  access  and  remove  and  replace  of  the  complete  engine. 

[l>  To  be  added  prior  to  start  of  Phase  HI 
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6. 5. 2. 2  Degree  of  attainment  of  these  objectives  shall  be  demonstrated  in 
accordance  with  Par.  6.5.3. 


6.5.3  Validation 

General  Electric  shall  submit  maintainability  analyses  to  establish  and  verify 
quantitative  requirements  and  provide  for  continued  evaluation  of  GE  proposed 
design.  A  preliminary  analysis  will  be  submitted  with  the  Maintainability  Pro¬ 
gram  Plan.  This  analysis  will  be  updated  and  resubmitted  at  intervals  not  to 
exceed  six  months .  The  maintainability  analysis  shall  be  made,  excluding  limi¬ 
tations  of  the  airframe  installation,  and  shall  consist  of  at  least  the  following 
items: 


a.  For  each  line  replaceable  unit  (LRU)  installed  on  the  engine  and  including 
the  total  engine  as  an  LRU: 

(1)  Identification  of  the  LRU. 

(2)  A  list  of  scheduled  and  unscheduled  maintenance,  and  servicing  tasks 
required  to  keep  the  LRU  in  operable  condition  while  installed  on  the  aircraft. 

(3)  A  list  of  tools,  ground  support  equipment,  and  facilities  required  for 
•the  above  tasks. 

(4)  The  quantity  and  skill  level  of  personnel  to  accomplish  each  discrete 
maintenance  task  listed  (a. 2.). 

(5)  The  elapsed  clock  time  in  minutes  to  accomplish  each  maintenance  task 
listed  (a. 2.)  independent  of  that  time  required  for  access  to  the  unit. 

(6)  Frequency  of  each  maintenance  action.  (Failures  per  1, 000  engine 
hours  or  cycles  as  appropriate,  and  engine  hours  between  scheduled  actions.) 

(7)  Features  incorporated  in  the  design  that  will  minimize  maintenance, 
reduce  servicing  time,  and  facilitate  maintenance. 

(8)  Identify  inspection  and  servicing  points  which  require  quick  access. 

b.  For  each  LRU,  removed  from  the  aircraft: 

(1)  The  recommended  repair  level  to  be  established  (minor  repair  or 
overhaul) . 

(2)  A  list  of  maintenance  tasks  required  to  restore  the  unit  to  operating 
condition. 

(3)  A  list  of  tools,  equipment  and  facilities  required  to  accomplish  each 
discrete  task. 

(4)  The  quantity  and  skill  level  of  personnel  to  accomplish  each  discrete 
task. 
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(5)  The  elapsed  clock  time,  in  minutes,  to  accomplish  each  discrete  task. 

(6)  The  frequency  of  each  maintenance  action. 

c.  The  analyses  shall  include  an  operating  time-oriented  projection  from 
zero  operating  hours  to  maturity  for  those  requirements  defined  in  Table  2. 

This  prediction  shall  demonstrate  a  confidence  of  at  least  one  standard  deviation 
or  better. 

6.5.4  Data  Requirements 

The  following  data  shall  be  provided  to  Boeing  in  the  form  and  in  accordance 
with  the  schedule  specified. 

6.5.4. 1  Maintainability  Program  Plan 

General  Electric  shall  submit  a  copy  of  their  preliminary  maintainability  pro¬ 
gram  plan  submitted  to  the  FAA  in  accordance  with  the  RFP.  After  coordination 
with  Boeing  and  the  FAA  for  overall  program  compatibility  and  approval  by  the 
FAA,  the  plan  shall  become  the  standard  by  which  the  General  Electric  main¬ 
tainability  program  shall  be  conducted.  Revisions  to  the  plan  shall  be  submit¬ 
ted  to  Boeing  for  information.  Boeing  approval  is  required  if  basic  intent, 
direction  or  interface  is  affected. 

6. 5 . 4. 2  Maintainability  Progress  Report 

Reports  shall  be  submitted  at  least  bi-monthly  through  completion  of  Phase  HI. 
These  may  be  included  in  periodic  reports  submitted  to  Boeing  for  other  pur¬ 
poses,  and  shall  include  as  a  minimum  an  accounting  of  the  progress  of  each 
task  item  as  specified  by  the  contract  or  defined  by  the  program  plan.  The  bi¬ 
monthly  reports  shall  include: 

a.  Results  achieved  to  date 

b.  Problems  encountered  and  action  taken  or  planned. 

The  maintainability  portion  of  GE's  final  report  required  by  the  FAA  shall  be 
provided  to  Boeing  for  coordination  prior  to  submittal  and  shall  include  a  com¬ 
plete  accounting  of  the  Phase  in  Maintainability  Program. 

6. 5 . 4. 3  AIDS  Interface  Data 

The  B-2707  airplane  will  incorporate  ns  an  airline  option  an  Airborne  Integrated 
Data  System  (AIDS) .  This  system  is  intended  to  provide  propel  controls  and 
methods  of  measuring  deterioration  to  permit  maximum  extension  of  TBO's. 

This  system  will  receive  data  from,  and  monitor  the  operational  condition  of 
selected  airplane  equipment  and  to  detect  and  identify  actual  or  potential  failures 
down  to  a  line  replaceable  unit  (LRU)  level.  The  engine  shall  be  included  as  a 
candidate  for  monitoring  by  AIDS. 

Selection  of  engine  and  engine  components  to  be  monitored  will  be  based  on  the 
potential  maintenance  savings,  reduction  of  unscheduled  maintenance,  and  in¬ 
creased  utilization.  To  design  the  AIDS,  it  is  necessary  to  identify  failure; 
modes  of  LRU's  and  means  to  detect  or  predict  these  failures  and/or  LRU 
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degradation.  The  data  requirements  specified  below  will  be  used  to  identify  or 
verify  AIDS  requirements  and  performance.  Data  required  in  compliance  with 
the  Reliability  provisions  contained  herein  shall  be  used  whenever  possible. 

General  Electric  shall  furnish: 

a.  An  "out  of  tolerance"  failure  criteria  for  each  mode  of  failure  which 
appears  desirable  to  monitor  by  AIDS  as  identified  in  the  GE  failure  mode  and 
effect  analysis. 

b.  The  measurement  accuracies,  recommended  sampling  rate,  and 
sampling  period  based  upon  intended  use  of  equipment  for  those  performance 
parameters  which  must  be  monitored  to  detect  the  failure  of  an  LRU  and/or 
equipment  unit.  This  shall  include  a  definition  of  all  required  ancillary 
environmental  parameters  such  as  OAT,  airplane  velocity  and  altitude  which 
must  be  derived  from  sources  exterior  to  the  equipments  being  monitored. 

c.  The  measurement  accuracies  and  recommended  sampling  rates  and 
sampling  periods  to  predict  failure  trends  of  an  LRU  and/or  equipment  unit. 
Selected  sensing  will  be  augmented  by  a  substantiating  analysis  which  will  indi¬ 
cate  the  degree  of  success  anticipated  in  predicting  failures. 

d.  The  recommended  analytical  logic  to  be  used  in  fault  detection,  isolation 
and  prediction  down  to  the  LRU  level  for  (b)  and  (c)  above  which  will  satisfy  the 
logic  requirements. 

e.  Recommendations  for  location  of  pickup  points  and  sensors  for  measur¬ 
ing  those  parameters  of  item  (d)  which  must  or  can  most  conveniently  be  meas¬ 
ured  within  the  engine  and  engine  accessories.  For  those  selected  parameters, 
GE  will  furnish  suitable  sensors  with  the  engines.  Where  a  suitable  sensor  is 
not  available,  recommend  a  plan  for  its  development. 

f.  Pertinent  information  relating  to  failure  rate  rapidity  and/or  a  time 
history  of  failure  substantiating  (b)  and  (c)  recommendations.  The  data  meas¬ 
urements  sampling  rates  and  processing  for  failure  trending  will  in  large 
measure  be  determined  by  the  time  history  of  failure. 

g.  All  available  AIDS  data  relating  to  (a)  through  (f)  above  shall  be 
submitted  to  Boeing  prior  to  end  of  Phase  m.  As  additional  data  is  developed 
in  response  to  (a)  through  (f),  it  shall  be  submitted  in  bi-monthly  progress 
reports  starting  30  days  after  contract  award.  A  final  study  report  containing 
all  recommendations  and  inclusions  in  response  to  Par.  6. 5. 4. 3  (a)  through 
(f)  will  be  submitted  to  Boeing  prior  to  the  end  of  the  Phase  III  program. 
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